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First to third light-emitting elements each including a reflec-
tion electrode layer, a transflective electrode layer, and a
light-emitting layer provided therebetween are provided. In
the first light-emitting element, the light-emitting layer is in
contact with the reflection electrode layer and the transtlec-
tive electrode layer. In the second light-emitting element, a
first transparent electrode layer is in contact with the reflec-
tion electrode layer, the light-emitting layer is in contact with
the first transparent electrode layer and the transflective elec-
trode layer. In the third light-emitting element, a second trans-
parent electrode layer is in contact with the reflection elec-
trode layer, the light-emitting layer is in contact with the
second transparent electrode layer and the transflective elec-
trode layer. The first transparent electrode layer is different
form the second transparent electrode layer in thickness.
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1
LIGHT-EMITTING DEVICE AND
ELECTRONIC DEVICE USING
LIGHT-EMITTING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

One embodiment of the present invention relates to a light-
emitting device using electroluminescence. Further, one
embodiment of the present invention relates to an electronic
device using the light-emitting device.

2. Description of the Related Art

In recent years, research and development have been
actively conducted on light-emitting elements using elec-
troluminescence (EL). In a basic structure of such a light-
emitting element, a layer containing a substance with a light-
emitting property is provided between a pair of electrodes. A
voltage is applied to this element, so that light emission from
the light-emitting substance can be obtained.

Since the above light-emitting element is a self-luminous
type, and thus a light-emitting device using the light-emitting
element has advantages such as high visibility, no necessity of
a backlight, and low power consumption. In addition, such a
light-emitting device also has advantages in that the device
can be formed to be thin and lightweight and that response
time is high.

For example, in the case where the light-emitting element
is applied to an active matrix light-emitting device, the light-
emitting element is formed over a substrate provided with a
transistor for controlling light emission or the like in some
cases. With such a structure (bottom-emission structure)
where light emitted from a light-emitting element is extracted
to outside through a substrate provided with a transistor for
controlling light emission or the like, there is a problem of low
aperture ratio due to a wiring, a transistor, or the like.

In order to solve that problem, a structure (top emission
structure) where light is extracted from the side opposite to an
element substrate has been proposed (e.g., see Patent Docu-
ment 1). With the top-emission structure, the aperture ratio
can be increased, and the extraction efficiency of light can be
increased, which are advantageous in power consumption
and high definition.

Further, in order to improve the extraction efficiency of
light from a light-emitting element, a method in which a
microcavity using a resonant effect of light between a pair of
electrodes is used to increase the light intensity in a specific
wavelength (e.g., see Patent Document 2), a structure in
which a region where the cavity length is different is provided
in each pixel to improve the viewing angle dependence of a
light-emitting element (e.g., see Patent Document 3), and the
like have been proposed.

REFERENCE

Patent Document 1: Japanese Published Patent Application
No. 2001-043980
Patent Document 2: Japanese Published Patent Application
No. H06-275381
Patent Document 3: Japanese Published Patent Application
No. 2006-032327
However, in Patent Document 2 and Patent Document 3, in
order to use a microcavity, it is necessary to adjust the thick-
ness of a transparent conductive film or a transparent insulat-
ing layer provided between a pair of electrodes for each color
ofred (R), green (G), and blue (B). Thus, patterning, etching,
or the like is needed depending on the color, resulting in an

20

30

40

45

55

2

increase in the number of masks and the number of manufac-
turing steps; therefore, Patent Documents 2 and 3 are not
optimum.

SUMMARY OF THE INVENTION

In view of the foregoing, one object of one embodiment of
the present invention is to provide a light-emitting element in
alight-emitting device, the light-emitting device, and an elec-
tronic device using the light-emitting device in which a light
resonant effect between a pair of electrodes is used and an
increase in the number of masks and an increase in the num-
ber of manufacturing steps are reduced to improve the color
purity of light emitted from the light-emitting element with a
simple structure.

One embodiment of the present invention is a light-emit-
ting device including first to third light-emitting elements
each including a reflection electrode layer, a transflective
electrode layer, and a light-emitting layer provided between
the reflection electrode layer and the transflective electrode
layer. In the first light-emitting element, the light-emitting
layer is in contact with the reflection electrode layer, and the
transflective electrode layer is in contact with the light-emit-
ting layer. In the second light-emitting element, a first trans-
parent electrode layer is in contact with the reflection elec-
trode layer, the light-emitting layer is in contact with the first
transparent electrode layer, and the transflective electrode
layer is in contact with the light-emitting layer. In the third
light-emitting element, a second transparent electrode layeris
in contact with the reflection electrode layer, the light-emit-
ting layer is in contact with the second transparent electrode
layer, and the transflective electrode layer is in contact with
the light-emitting layer. The thickness of the first transparent
electrode layer is different from that of the second transparent
electrode layer.

One embodiment of the present invention is a light-emit-
ting device including first to fourth light-emitting elements
each including a reflection electrode layer, a transflective
electrode layer, and a light-emitting layer provided between
the reflection electrode layer and the transflective electrode
layer. In the first light-emitting element, the light-emitting
layer is in contact with the reflection electrode layer, and the
transflective electrode layer is in contact with the light-emit-
ting layer. In the second light-emitting element, a first trans-
parent electrode layer is in contact with the reflection elec-
trode layer, the light-emitting layer is in contact with the first
transparent electrode layer, and the transflective electrode
layer is in contact with the light-emitting layer. In the third
light-emitting element, a second transparent electrode layeris
in contact with the reflection electrode layer, the light-emit-
ting layer is in contact with the second transparent electrode
layer, and the transflective electrode layer is in contact with
the light-emitting layer. In the fourth light-emitting element,
athird transparent electrode layer is in contact with the reflec-
tion electrode layer, the light-emitting layer is in contact with
the third transparent electrode layer, and the transflective
electrode layer is in contact with the light-emitting layer. The
thicknesses of the first to third transparent electrode layers are
different from each other.

One embodiment of the present invention is a light-emit-
ting device including first to third light-emitting elements
each including a reflection electrode layer, a transflective
electrode layer, and a light-emitting layer provided between
the reflection electrode layer and the transflective electrode
layer, and a coloring layer which is provided facing the trans-
flective electrode layer and through which light in a specific
wavelength range passes. In the first light-emitting element,
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the light-emitting layer is in contact with the reflection elec-
trode layer, and the transtlective electrode layer is in contact
with the light-emitting layer. In the second light-emitting
element, a first transparent electrode layer is in contact with
the reflection electrode layer, the light-emitting layer is in
contact with the first transparent electrode layer, and the
transflective electrode layer is in contact with the light-emit-
ting layer. In the third light-emitting element, a second trans-
parent electrode layer is in contact with the reflection elec-
trode layer, the light-emitting layer is in contact with the
second transparent electrode layer, and the transflective elec-
trode layer is in contact with the light-emitting layer. The
thickness of the first transparent electrode layer is different
from that of the second transparent electrode layer.

One embodiment of the present invention is a light-emit-
ting device including first to fourth light-emitting elements
each including a reflection electrode layer, a transflective
electrode layer, and a light-emitting layer provided between
the reflection electrode layer and the transflective electrode
layer, and a coloring layer which is provided facing the trans-
flective electrode layer and through which light in a specific
wavelength range passes. In the first light-emitting element,
the light-emitting layer is in contact with the reflection elec-
trode layer, and the transtlective electrode layer is in contact
with the light-emitting layer. In the second light-emitting
element, a first transparent electrode layer is in contact with
the reflection electrode layer, the light-emitting layer is in
contact with the first transparent electrode layer, and the
transflective electrode layer is in contact with the light-emit-
ting layer. In the third light-emitting element, a second trans-
parent electrode layer is in contact with the reflection elec-
trode layer, the light-emitting layer is in contact with the
second transparent electrode layer, and the transflective elec-
trode layer is in contact with the light-emitting layer. In the
fourth light-emitting element, a third transparent electrode
layer is in contact with the reflection electrode layer, the
light-emitting layer is in contact with the third transparent
electrode layer, and the transflective electrode layer is in
contact with the light-emitting layer. The thicknesses of the
first to third transparent electrode layers are different from
each other.

Inthe above-described structure, the intensity of light emit-
ted from the first light-emitting element may peak in the
wavelength range of blue, that of light emitted from the sec-
ond light-emitting element may peak in the wavelength range
of green, that of light emitted from the third light-emitting
element may peak in the wavelength range of red, and light
emitted from the fourth light-emitting element may peak in
the wavelength range of yellow.

In the above-described structure, the light-emitting layer
may include a hole-injection layer, a hole-transport layer, an
electron-transport layer, and an electron-injection layer.
White light may be obtained from the light-emitting layer.
The transflective electrode layer may be formed using a mate-
rial containing indium oxide, silver, and/or magnesium.

Further, in the above-described structure, the hole-injec-
tion layer may contain molybdenum oxide.

In the above-described structure, light emitted from the
light-emitting layer is extracted through the transflective elec-
trode layer.

One embodiment of the present invention is an electronic
device including the light-emitting device having the above-
described structure.

In this specification and the like, the light-emitting device
includes in its category an image display device, a light-
emission device, a light source, a lighting device, and the like.
The light-emitting device further includes a module in which

10

15

20

25

30

35

40

45

50

55

60

65

4

a connector (FPC: flexible printed circuit) or the like is
attached to a panel where a light-emitting element is formed.

Further, in this specification and the like, the light-emitting
device refers to a structure in which a light-emitting layer is
provided between a pair of electrodes (a refection electrode
layer and a transflective electrode layer). Any functional
layer, a transparent electrode layer, or the like may be further
provided between the pair of electrodes.

In this specification and the like, the light-emitting device
also refers to a structure in which a plurality of light-emitting
elements is formed.

In addition, in this specification and the like, the term such
as “electrode” or “wiring” does not limit a function of a
component. For example, the “electrode” is sometimes used
as part of the “wiring”, and vice versa. Furthermore, the term
“electrode” or “wiring” includes in its category a plurality of
“electrodes™ or “wirings” formed in an integrated manner.

Further, the functions of the “source” and the “drain” are
sometimes interchanged with each other depending on, for
example, the conductivity type of a transistor or the direction
of'current in a circuit operation. Therefore, the terms “source”
and “drain” can be interchanged with each other in this speci-
fication.

According to one embodiment of the present invention,
provided can be a light-emitting device in which a light reso-
nant effect between a pair of electrodes is used but an increase
in the number of masks and an increase in the number of
manufacturing steps are reduced to improve the color purity
of light emitted from a light-emitting element with a simple
structure.

Further, according to one embodiment of the present inven-
tion, an electronic device including the light-emitting device
can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B are diagrams illustrating light-emitting
elements;

FIGS. 2A and 2B are diagrams illustrating light-emitting
elements;

FIGS. 3A and 3B are diagrams illustrating light-emitting
elements;

FIGS. 4A to 4C are diagrams illustrating a light-emitting
device;

FIGS. 5A and 5B illustrate a light-emitting device;

FIGS. 6A to 6D are views each illustrating an electronic
device using a light-emitting device;

FIGS. 7A and 7B show emission spectra of light-emitting
elements each of which is one embodiment of the present
invention;

FIG. 8 shows an emission spectrum of a light-emitting
element for reference; and

FIG. 9 is a diagram illustrating a light-emitting device.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention are
described in detail using the drawings. Note that the present
invention is not limited to the embodiments described below,
and it is apparent to those skilled in the art that modes and
details can be modified in various ways without departing
from the spirit of the present invention disclosed in this speci-
fication and the like. Structure of the different embodiments
can be implemented by appropriate combination. On the
description of the present invention hereinbelow, a reference
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numeral indicating each part is used in common throughout
the drawings, and description thereof is not repeated.

Note that the position, the size, the range, or the like of each
structure illustrated in the drawings and the like is not accu-
rately illustrated in some cases for easy understanding. There-
fore, the present invention is not necessarily limited to the
position, size, range, or the like disclosed in the drawings and
the like.

Further, in this specification and the like, ordinal numbers
such as “first”, “second”, and “‘third” are used in order to
avoid confusion among components, and do not give any
limitation of the number of components.

Embodiment 1

In Embodiment 1, one embodiment of a light-emitting
device of the present invention is described using FIGS. 1A
and 1B.

The light-emitting device shown in FIG. 1A is a cross-
sectional diagram illustrating a concept of the present inven-
tion and includes a first light-emitting element 150a, a second
light-emitting element 1505, and a third light-emitting ele-
ment 150c¢. In the first light-emitting element 150a, a light-
emitting layer 106 is provided in contact with a reflection
electrode layer 102, and a transflective electrode layer 108 is
provided in contact with the light-emitting layer 106. In the
second light-emitting element 1505, a first transparent elec-
trode layer 104qa is provided in contact with the reflection
electrode layer 102, the light-emitting layer 106 is provided in
contact with the first transparent electrode layer 1044, and the
transflective electrode layer 108 is provided in contact with
the light-emitting layer 106. In the third light-emitting ele-
ment 150¢, a second transparent electrode layer 1045 is pro-
vided in contact with the reflection electrode layer 102, the
light-emitting layer 106 is provided in contact with the second
transparent electrode layer 1045, and the transtlective elec-
trode layer 108 is provided in contact with the light-emitting
layer 106. That is, the first to third light-emitting elements
each including the reflection electrode layer, the transtlective
electrode layer, and the light-emitting layer provided between
the reflection electrode layer and the transflective electrode
layer are included in the light-emitting device. Further, as
shown in FIG. 1A, the thickness of the first transparent elec-
trode layer 104a is different from that of the second transpar-
ent electrode layer 1044.

Inthe above-described structure, the intensity of light emit-
ted from the first light-emitting element 150a peaks in the
wavelength range of blue, that of light emitted from the sec-
ond light-emitting element 1505 peaks in the wavelength
range of green, and that of light emitted from the third light-
emitting element 150¢ peaks in the wavelength range of red.

In this specification and the like, the wavelength range of
blue is a wavelength range from 450 nm to 485 nm, the
wavelength range of green is a wavelength range from 500 nm
to 565 nm, and the wavelength range of red is a wavelength
range from 600 nm to 740 nm.

The light-emitting device shown in FIG. 1A includes a
plurality of light-emitting elements in each of which light
emitted from the light-emitting layer 106 is reflected by the
reflection electrode layer 102 and extracted from the trans-
flective electrode layer 108 side. That is, the light-emitting
device emits light in the direction indicated by an arrow in
FIG.1A. Further, light is emitted from the light-emitting layer
106 in all directions; thus, light emitted from the light-emit-
ting layer 106 resonates by the reflection electrode layer 102
and the transflective electrode layer 108, whereby a function
as a so-called microcavity is provided. With such a structure,
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6

a desired light-emission spectrum can be intensified, leading
to an enhancement of the color purity of light from the light-
emitting element.

The function as a microcavity can be adjusted by a material
provided between the reflection electrode layer 102 and the
transflective electrode layer 108, a light path length, and the
like. For example, only the light-emitting layer 106 is pro-
vided between the layers in the first light-emitting element
150a, the first transparent electrode layer 104a and the light-
emitting layer 106 are provided between the layers in the
second light-emitting element 1505, and the second transpar-
ent electrode layer 1045 and the light-emitting layer 106 are
provided between the layers in the third light-emitting ele-
ment 150c; that is, the light path length between the reflection
electrode layer 102 and the transflective electrode layer 108,
and the like are different per color (blue, green, red) of the
light-emitting element. Further, the light path length can be
adjusted by changing the thickness of the first transparent
electrode layer 104a and/or the second transparent electrode
layer 10465.

The optical distance (also called light path length) between
the reflection electrode layer 102 and the transflective elec-
trode layer 108 is changed depending on the color (blue,
green, red). The optical distance is the product of physical
distance and refractive index. In this specification and the
like, the optical distance is the product of film thickness and
n (refractive index), i.e., Optical Distance=Film Thicknessx
n. For example, for the adjustment of the optical distance, the
following may be performed. The first light-emitting element
150a may be designed such that the distance between the
reflection electrode layer 102 and the transtlective electrode
layer 108 is (2Na-1)/4 times (Na is a natural number) of a
given wavelength of light. The second light-emitting element
1505 may be designed such that the distance between the
reflection electrode layer 102 and the transtlective electrode
layer 108 is (2Nb-1)/4 times (Nb is a natural number) of a
given wavelength of light; that is, the distance between the
reflection electrode layer 102 and the transtlective electrode
layer 108 can be adjusted by adjusting the thickness of the
first transparent electrode layer 104a. The third light-emitting
element 150¢ may be designed such that the distance between
the reflection electrode layer 102 and the transflective elec-
trode layer 108 is (2Nc-1)/4 times (Nc is a natural number) of
a given wavelength of light; that is, the distance between the
reflection electrode layer 102 and the transtlective electrode
layer 108 can be adjusted by adjusting the thickness of the
second transparent electrode layer 1045. In this manner, the
light path length may be determined so as to amplify a spec-
trum corresponding to the color (blue, green, or red) by a
resonance effect. Further, neither the first transparent elec-
trode layer nor the second transparent electrode layer is pro-
vided only in the first light-emitting element 150q; that is,
only the light-emitting layer 106 is provided between the
reflection electrode layer 102 and the transtlective electrode
layer 108 in the first light-emitting element 150a.

With the structure, the number of masks, the number of
manufacturing steps, and manufacturing costs can be reduced
because the transparent electrode layer is not needed in the
first light-emitting element 150q.

Here, a region where the light-emitting layer 106 is in
contact with the reflection electrode layer 102 (the region
corresponds to a so-called hole-injection layer) is preferably
formed using a composite material of an organic compound
and an acceptor. A transition metal oxide, vanadium oxide,
molybdenum oxide, or the like can be used as the acceptor.
Molybdenum oxide is preferable due to its stability in the air
and high sublimation properties. In the first light-emitting
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element 150qa, holes are generally less likely to be injected
because no transparent electrode layer is provided between
the reflection electrode layer 102 and the light-emitting layer
106; however, the hole-injection properties are improved by
employing the structure, which makes it possible to provide
no transparent electrode layer in the first light-emitting ele-
ment 150aq, leading to reductions in the number of masks, the
number of manufacturing steps, and manufacturing costs.

Next, alight-emitting device shown in FIG. 1B is described
below.

The light-emitting device shown in FIG. 1B is a modified
embodiment of the light-emitting device shown in FIG. 1A.
The basic concept is the same as that of FIG. 1A in that the
optical distance between the reflection electrode layer 102
and the transflective electrode layer 108 is adjusted so that a
microcavity is used to intensify a desired spectrum in each
light-emitting element for emitting light of a color (blue,
green, red). Therefore, the same portions or portions having a
similar function are denoted by the same reference numerals,
and description thereof is not repeated.

The light-emitting device shown in FIG. 1B is a cross-
sectional diagram illustrating a concept of the present inven-
tion and includes a first light-emitting element 150a, a second
light-emitting element 1505, and a third light-emitting ele-
ment 150c¢. The light-emitting device shown in FIG. 1B is
different from the light-emitting device shown in FIG. 1A in
that the number of light-emitting layers 106 is two and a
charge generation layer 106a is provided between the light-
emitting layers 106.

The charge generation layer 106a is excellent in carrier-
injection properties and carrier-transport properties, and thus
enables a light-emitting element to be driven at low current at
low voltage.

As described above, either such a light-emitting layer hav-
ing the single-layer structure shown in FIG. 1A or such a
light-emitting layer having the stacked-layer structure shown
in FIG. 1B may be used as the light-emitting layer 106.
Although two light-emitting layers are stacked in the stacked-
layer structure in FIG. 1B, one embodiment of the present
invention is not limited thereto; three or more light-emitting
layers may be stacked.

Materials and the like which can be used in the light-
emitting devices shown in FIGS. 1A and 1B are described
below.

The reflection electrode layer 102 can be formed using a
metal film having high reflectance. The metal film having
high reflectance can be formed using a single layer or a
stacked layer using aluminum, silver, an alloy containing
such a metal material, or the like. A thin metal film (preferably
with a thickness of 20 nm or less, further preferably 10 nm or
less) may be further stacked on the metal film having high
reflectance. For example, it is preferable to form a thin tita-
nium film by which formation of an insulating film between
the light-emitting layer 106 and the metal film having high
reflectance (aluminum, an alloy containing aluminum, silver,
or the like) can be suppressed. The thin metal film may be
oxidized; in that case, a material which is unlikely to be
insulated by oxidation, such as titanium or molybdenum, is
preferably used.

Any of the first transparent electrode layer 104a and the
second transparent electrode layer 1045 can be formed using
a conductive metal oxide. As the conductive metal oxide,
indium oxide (In,O,), tin oxide (Sn0,), zinc oxide (ZnO), an
indium oxide-tin oxide alloy (In,O;—SnO,, which is abbre-
viated to ITO), an indium oxide-zinc oxide alloy (In,O;—
Zn0), or any of those metal oxide materials in which silicon
oxide is contained can be used.
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The light-emitting layer 106 includes at least a light-emit-
ting layer, and may also include a functional layer other than
the light-emitting layer. The light-emitting layer 106 is pref-
erably formed using a material which emits white light.

The charge generation layer 106a can be formed using a
composite material of an organic compound and a metal
oxide, a metal oxide, a composite material of an organic
compound and an alkali metal, an alkaline earth metal, or a
compound thereof, or an appropriate combination of those
materials.

The transflective electrode layer 108 can be formed by
stacking a thin metal film (preferably with a thickness of 20
nm or less, further preferably 10 nm or less) and a conductive
metal oxide film. The thin metal film can be formed using a
single layer or a stacked layer using silver, magnesium, an
alloy containing such a metal material, or the like. As the
conductive metal oxide, indium oxide (In,O;), tin oxide
(Sn0,), zinc oxide (ZnO), ITO, an indium oxide-zinc oxide
alloy (In,0;—Z7n0), or any of those metal oxide materials in
which silicon oxide is contained can be used.

Inthis embodiment, the reflection electrode layer 102 func-
tions as an anode and the transflective electrode layer 108
functions as a cathode in the first light-emitting element 150a.
The reflection electrode layer 102 and the first transparent
electrode layer 104a function as an anode and the transtlec-
tive electrode layer 108 functions as a cathode in the second
light-emitting element 1505. The reflection electrode layer
102 and the second transparent electrode layer 1045 function
as an anode and the transflective electrode layer 108 functions
as a cathode in the third light-emitting element 150c.

As described above, the optical distance is changed
between the first to third light-emitting elements in the light-
emitting device described in this embodiment. A desired
spectrum is intensified by a microcavity in each light-emit-
ting element, whereby the light-emitting device can have high
color purity. Further, the transparent electrode layer is not
provided only in the first light-emitting element, by which the
number of masks, the number of manufacturing steps, and
manufacturing costs can be reduced.

This embodiment can be implemented in appropriate com-
bination with any structure described in the other embodi-
ments.

Embodiment 2

In this embodiment, structures of one embodiment of a
light-emitting device of the present invention, which are dif-
ferent from Embodiment 1, are described using FIGS. 2A and
2B.

A light-emitting device shown in FIG. 2A is a cross-sec-
tional diagram illustrating a concept of the present invention
and includes a first light-emitting element 150a, a second
light-emitting element 1505, a third light-emitting element
150c¢, and a fourth light-emitting element 1504. In the first
light-emitting element 150a, a light-emitting layer 106 is
provided in contact with a reflection electrode layer 102, and
a transflective electrode layer 108 is provided in contact with
the light-emitting layer 106. In the second light-emitting ele-
ment 1505, a first transparent electrode layer 1044 is provided
in contact with the reflection electrode layer 102, the light-
emitting layer 106 is provided in contact with the first trans-
parent electrode layer 104a, and the transflective electrode
layer 108 is provided in contact with the light-emitting layer
106. In the third light-emitting element 150¢, a second trans-
parent electrode layer 1045 is provided in contact with the
reflection electrode layer 102, the light-emitting layer 106 is
provided in contact with the second transparent electrode
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layer 1045, and the transflective electrode layer 108 is pro-
vided in contact with the light-emitting layer 106. In the
fourth light-emitting element 1504, a third transparent elec-
trode layer 104¢ is provided in contact with the reflection
electrode layer 102, the light-emitting layer 106 is provided in
contact with the third transparent electrode layer 104¢, and
the transflective electrode layer 108 is provided in contact
with the light-emitting layer 106. That is, the first to fourth
light-emitting elements each including the reflection elec-
trode layer, the transflective electrode layer, and the light-
emitting layer provided between the reflection electrode layer
and the transflective electrode layer are included in the light-
emitting device. Further, as shown in FIG. 2A, the thickness
is different between the first transparent electrode layer 104a,
the second transparent electrode layer 1045, and the third
transparent electrode layer 104c.

The intensity of light emitted from the first light-emitting
element 150a peaks in the wavelength range of blue, that of
light emitted from the second light-emitting element 1505
peaks in the wavelength range of green, that of light emitted
from the third light-emitting element 150¢ peaks in the wave-
length range of red, and that of light emitted from the fourth
light-emitting element 1504 peaks in the wavelength range of
yellow.

In this specification and the like, the wavelength range of
blue is a wavelength range from 450 nm to 485 nm, the
wavelength range of green is a wavelength range from 500 nm
to 565 nm, the wavelength range of yellow is a wavelength
range from 570 nm to 590 nm, and the wavelength range of
red is a wavelength range from 600 nm to 740 nm.

The light-emitting device shown in FIG. 2A and a light-
emitting device shown in FIG. 2B are modified embodiments
of Embodiment 1. The light-emitting device described in this
embodiment exhibits light of four colors (RGBY) whereas
the light-emitting device described in Embodiment 1 exhibits
light of three colors (RGB). The basic concept of this embodi-
ment is the same as that of Embodiment 1 in that the optical
distance between the reflection electrode layer 102 and the
transflective electrode layer 108 is adjusted so that a micro-
cavity is used to intensify a desired spectrum in each light-
emitting element for emitting light of a color (the first light-
emitting element 150a, the second light-emitting element
1505, the third light-emitting element 150c¢, the fourth light-
emitting element 150d). Therefore, the same portions or por-
tions having a similar function are denoted by the same ref-
erence numerals, and description thereof is not repeated.

The light-emitting device shown in FIG. 2A includes a
plurality of light-emitting elements in each of which light
emitted from the light-emitting layer 106 is reflected by the
reflection electrode layer 102 and extracted from the trans-
flective electrode layer 108 side. That is, the light-emitting
device emits light in the direction indicated by an arrow in
FIG. 2A. Further, light is emitted from the light-emitting layer
106 in all directions; thus, light emitted from the light-emit-
ting layer 106 resonates by the reflection electrode layer 102
and the transflective electrode layer 108, whereby a function
as a so-called microcavity can be provided. With such a
structure, a desired light-emission spectrum can be intensi-
fied, leading to an enhancement of the color purity of light
from the light-emitting element.

The function as a microcavity can be adjusted by a material
provided between the reflection electrode layer 102 and the
transflective electrode layer 108, a light path length, and the
like. For example, only the light-emitting layer 106 is pro-
vided between the layers in the first light-emitting element
150a, the first transparent electrode layer 104a and the light-
emitting layer 106 are provided between the layers in the
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second light-emitting element 1505, the second transparent
electrode layer 1046 and the light-emitting layer 106 are
provided between the layers in the third light-emitting ele-
ment 150c¢, and the third transparent electrode layer 104¢ and
the light-emitting layer 106 are provided between the layers
in the fourth light-emitting element 150d; the light path
length between the reflection electrode layer 102 and the
transflective electrode layer 108 are different per color (blue,
green, red, yellow) of the light-emitting element. Further, the
light path length can also be adjusted by changing the thick-
ness of the first transparent electrode layer 104a, the second
transparent electrode layer 1045, and the third transparent
electrode layer 104c.

In this manner, the light path length between the reflection
electrode layer 102 and the transflective electrode layer 108 is
changed depending on the color (blue, green, red, yellow) to
change the optical distance. The optical distance may be
adjusted to the light path length so as to amplify a spectrum
corresponding to the color (blue, green, red, or yellow) by a
resonance effect. Further, none of the first transparent elec-
trode layer, the second transparent electrode layer, and the
third transparent electrode layer is provided in the first light-
emitting element 150a; that is, only the light-emitting layer
106 is provided between the reflection electrode layer 102 and
the transflective electrode layer 108.

With the structure, the number of masks, the number of
manufacturing steps, and manufacturing costs can be reduced
because the transparent electrode layer is not needed in the
first light-emitting element 150q.

Next, the light-emitting device shown in FIG. 2B is
described below.

The light-emitting device shown in FIG. 2B is a modified
embodiment of the light-emitting device shown in FIG. 2A.
The basic concept is the same as that of FIG. 2A in that the
optical distance between the reflection electrode layer 102
and the transflective electrode layer 108 is adjusted so that a
microcavity is used to intensify a desired spectrum in each
light-emitting element for emitting light of a color (blue,
green, red, yellow). Therefore, the same portions or portions
having a similar function are denoted by the same reference
numerals, and description thereof is not repeated.

The light-emitting device shown in FIG. 2B is a cross-
sectional diagram illustrating a concept of the present inven-
tion and includes a first light-emitting element 150a, a second
light-emitting element 1505, a third light-emitting element
150¢, and a fourth light-emitting element 1504. The light-
emitting device shown in FIG. 2B is different from the light-
emitting device shown in FIG. 2A in that the number of
light-emitting layers 106 is two and a charge generation layer
106a is provided between the light-emitting layers 106.

As described above, either such a light-emitting layer hav-
ing a single-layer structure shown in FIG. 2A or such a light-
emitting layer having a stacked-layer structure shown in FIG.
2B may be used as the light-emitting layer 106. Although two
light-emitting layers are stacked in the stacked-layer structure
in FIG. 2B, one embodiment of the present invention is not
limited thereto; three or more light-emitting layers may be
stacked.

As described above, the optical distance is changed
between the first to fourth light-emitting elements in the light-
emitting device described in this embodiment. A desired
spectrum is intensified by a microcavity in each light-emit-
ting element in the light-emitting device, whereby the light-
emitting device can have high color purity. Further, the trans-
parent electrode layer is not provided in the first light-
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emitting element, by which the number of masks, the number
of manufacturing steps, and manufacturing costs can be
reduced.

This embodiment can be implemented in appropriate com-
bination with any structure described in the other embodi-
ments.

Embodiment 3

In this embodiment, details about the light-emitting ele-
ment including the refection electrode layer 102, the light-
emitting layer 106, and the transflective electrode layer 108
described in Embodiment 1 and Embodiment 2 are described
using FIGS. 3A and 3B.

A light-emitting element shown in FIG. 3A has a structure
in which the light-emitting layer 106 including an emitting
region is provided between a pair of electrodes (the refection
electrode layer 102 and the transflective electrode layer 108).
In this embodiment, the refection electrode layer 102 is used
as an anode and the transflective electrode layer 108 is used as
a cathode as an example.

The light-emitting layer 106 includes at least a light-emit-
ting layer and may include any functional layer in addition to
the light-emitting layer. Examples of the functional layer
other than the light-emitting layer include a layer containing
asubstance having high hole-injection properties, a substance
having high hole-transport properties, a substance having
high electron-transport properties, a substance having high
electron-injection properties, a bipolar substance (a sub-
stance having high electron- and hole-transport properties),
or the like. Specifically, functional layers such as a hole-
injection layer, a hole-transport layer, an electron-transport
layer, and an electron-injection layer can be used in combi-
nation as appropriate.

The light-emitting element shown in FIG. 3A emits light
when current flows by a potential difference between the
refection electrode layer 102 and the transflective electrode
layer 108 to recombine holes and electrons in the light-emit-
ting layer 106. That is, an emitting region is formed in the
light-emitting layer 106.

In the present invention, light is extracted from the trans-
flective electrode layer 108 side to outside. Therefore, the
transflective electrode layer 108 is formed using a light-trans-
mitting material. Further, in order to use a microcavity effect,
the transflective electrode layer 108 is preferably formed
using a material which reflects part of light to the refection
electrode layer 102 side. Further, in order to extract light from
the transflective electrode layer 108 side to outside efficiently,
the refection electrode layer 102 is preferably formed using a
material having high reflectance.

A plurality of light-emitting layers 106 may be stacked
between the refection electrode layer 102 and the transflective
electrode layer 108 as shown in FIG. 3B. In the case where n
(nis a natural number of greater than or equal to 2) layers are
stacked, each of the charge generation layers 106a is prefer-
ably provided between the m-th (m is a natural number of
greater than or equal to 1 and less than or equal to n-1)
light-emitting layer and the (m+1)th light-emitting layer.

The charge generation layer 106a can be formed using a
composite material of an organic compound and a metal
oxide, a metal oxide, a composite material of an organic
compound and alkali metal, alkaline earth metal, or a com-
pound thereof, or a combination thereof. The composite
material of an organic compound and a metal oxide includes
an organic compound and a metal oxide such as vanadium
oxide, molybdenum oxide, or tungsten oxide, for example. As
the organic compound, various compounds such as an aro-
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matic amine compound, a carbazole derivative, aromatic
hydrocarbon, and a high molecular compound (oligomer,
dendrimer, polymer, or the like) can be used. As the organic
compound, it is preferable to use an organic compound which
has hole-transport properties and has a hole mobility of 105
cm?/Vs or higher. However, any other substance may also be
used as long as the substance has higher hole-transport prop-
erties than electron-transport properties. These materials
used for the charge generation layer 1064 are excellent in
carrier-injection properties and carrier-transport properties,
so that the light-emitting element can be driven at low current
at low voltage.

The charge generation layer 106a may be formed by com-
bination of a composite material of an organic compound and
a metal oxide with another material. For example, a layer
containing a composite material of an organic compound and
a metal oxide may be combined with a layer containing a
compound selected from substances with electron-donating
properties and a compound with high electron-transport prop-
erties. A layer containing a composite material of an organic
compound and a metal oxide may also be combined with a
transparent conductive film.

With such a structure, problems such as energy transfer and
quenching less occur, and the range of choices of materials of
a light-emitting element is widened, which easily enables
both high light emission efficiency and long lifetime to be
provided for the light-emitting element. Further, such a struc-
ture makes it easy to emit phosphorescence from one of
light-emitting layers and fluorescence from the other of the
light-emitting layers.

The charge generation layer 1064 has a function of inject-
ing holes to one of the light-emitting layers 106 which is in
contact with the charge generation layer 1064 and a function
of injecting electrons to the other of the light-emitting layers
106, when a voltage is applied between the refection elec-
trode layer 102 and the transflective electrode layer 108.

Light emission of a variety of colors can be obtained by
varying the kind of light-emitting substance used in the light-
emitting layers 106 in the structure shown in FIG. 3B. In
addition, a plurality of light-emitting substances of different
colors as the light-emitting substances brings emission hav-
ing a broad spectrum or white light emission.

Further, the light path length between the reflection elec-
trode layer 102 and the transflective electrode layer 108 may
be adjusted by providing a transparent electrode layer
between the reflection electrode layer 102 and the light-emit-
ting layer 106. A desired spectrum can be intensified by
adjusting the light path length.

In the case of obtaining white light emission using the
light-emitting element shown in FIG. 3B, as for the combi-
nation of a plurality of light-emitting layers, a structure for
emitting white light including red light, green light, and blue
light may be employed. For example, a structure including a
first light-emitting layer containing a blue fluorescent mate-
rial as a light-emitting substance and a second light-emitting
layer containing red and green phosphorescent materials as
light-emitting substances may be employed. Alternatively, a
structure including a first light-emitting layer exhibiting red
light, a second light-emitting layer exhibiting green light, and
a third light-emitting layer exhibiting blue light may be
employed. Also with a structure including light-emitting lay-
ers emitting light of complementary colors, white light emis-
sion can be obtained. When light emitted from the first light-
emitting layer and light emitted from the second light-
emitting layer have complementary colors to each other in a
stacked-layer element including two light-emitting layers,
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the combination of colors are as follows: blue and yellow,
blue-green and red, and the like.

In the structure of the above-described stacked-layer ele-
ment, by providing the charge generation layer between the
stacked light-emitting layers, the element can have long life-
time in a high-luminance region while keeping the current
density low. In addition, the voltage drop due to resistance of
the electrode material can be suppressed, leading to uniform
emission in a large area.

This embodiment can be implemented in appropriate com-
bination with any structure described in the other embodi-
ments.

Embodiment 4

In this embodiment, one embodiment of a light-emitting
device of the present invention is described using FIGS. 4A to
4C.

FIGS. 4A to 4C are a cross-sectional diagram and plane
views corresponding to part of pixels of a light-emitting
device.

The light-emitting device shown in FIG. 4A emits light in
a direction indicated by an arrow in FIG. 4A. That is, the
light-emitting device has a so-called top-emission structure in
which light is extracted not through a first substrate 201
provided with a light-emitting layer 218, but through a second
substrate 251.

FIG. 4B is the plane view of the first substrate 201 seen
from a transflective electrode layer 219 side; FIG. 4C is the
plane view of the second substrate 251 seen from a light-
shielding film 252 side. FIG. 4A corresponds to the cross-
sectional diagram cut along dotted line A1-A2 in FIGS. 4B
and 4C. In the plan views in FIGS. 4B and 4C, some compo-
nents (for example, the light-emitting layer 218) of the
present invention are omitted in order to avoid complexity.

As shown in FIG. 4A, a blue pixel 2404, a green pixel 2405,
and a red pixel 240c¢ are provided between the first substrate
201 and the second substrate 251. Further, over the first sub-
strate 201, a transistor 230 for controlling the driving of the
light-emitting element and a reflection electrode layer 214
which is electrically connected to the transistor 230 are pro-
vided.

In this embodiment, the blue pixel 240a includes the light-
emitting element whose emission peaks in the wavelength
range of blue, the green pixel 2405 includes the light-emitting
element whose emission peaks in the wavelength range of
green, and the red pixel 240c includes the light-emitting ele-
ment whose emission peaks in the wavelength range of red.

In the blue pixel 240a, the light-emitting layer 218 is
directly formed on the reflection electrode layer 214 and the
transflective electrode layer 219 is formed over the light-
emitting layer 218 in the light-emitting element for blue.

In the green pixel 2405, a first transparent electrode layer
220aq is formed over the reflection electrode layer 214, the
light-emitting layer 218 is formed over the first transparent
electrode layer 2204, and the transflective electrode layer 219
is formed over the light-emitting layer 218 in the light-emit-
ting element for green.

In the red pixel 240c¢, a second transparent electrode layer
2205 is formed over the reflection electrode layer 214, the
light-emitting layer 218 is formed over the second transparent
electrode layer 2205, and the transflective electrode layer 219
is formed over the light-emitting layer 218 in the light-emit-
ting element for red.

In this manner, the structure between the reflection elec-
trode layer 214 and the transflective electrode layer 219 in the
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light-emitting element is different per pixel (the blue pixel
240a, the green pixel 2405, the red pixel 240c¢).

The second substrate 251 is provided with the light-shield-
ing film 252 which functions as a black matrix, a color filter
254, and an overcoat 256. The color filter 254 is a coloring
layer, through which light corresponding to the color (blue,
green, or red) of light emitted from the light-emitting layer
218 passes to be extracted from the second substrate 251 side.

In this manner, the light path length between the reflection
electrode layer 214 and the transflective electrode layer 219 is
changed in the light-emitting element depending on the pixel
(the blue pixel 240aq, the green pixel 2405, the red pixel 240¢)
to change the optical distance. The optical distance may be
adjusted to the light path length so as to amplify a spectrum
for the light-emitting element in the pixel by a resonance
effect. The light-emitting layer 218 is directly formed on the
reflection electrode layer 214, and the transflective electrode
layer 219 is formed over the light-emitting layer 218 in the
light-emitting element in the blue pixel 2404, i.e., a transpar-
ent electrode layer (the first transparent electrode layer 220a,
the second transparent electrode layer 2205) is not formed in
the light-emitting element in the blue pixel 240a.

With the structure, the number of masks, the number of
manufacturing steps, and manufacturing costs can be reduced
because the transparent electrode layer is not needed in the
blue pixel 240q.

Thereis no particular limitation on a space 260 between the
first substrate 201 and the second substrate 251 as long as the
space 260 has a light-transmitting property. It is preferable
that the space 260 be filled with a light-transmitting material
the refractive index of which is higher than the air. In the case
where the refractive index of the space 260 is low, light
emitted from the light-emitting layer 218 in an oblique direc-
tion is further refracted by the space 260, and light is leaked
from an adjacent pixel in some cases. Thus, for example, the
space 260 can be filled with a light-transmitting adhesive
having high refractive index and capable of bonding the first
substrate 201 and the second substrate 251. Further, an inert
gas or the like such as nitrogen or argon can be used.

Next, a detailed description of the light-emitting device
shown in FIGS. 4A to 4C and a manufacturing method thereof
are described.

First, a manufacturing method of the first substrate 201
provided with the transistor 230 for controlling the driving of
a light-emitting element, the light-emitting layer 218, and the
like is described below.

A conductive layer is formed over the first substrate 201
having an insulating surface, and then, a first photolithogra-
phy step is performed thereon, so that a resist mask is formed,
and then, an unnecessary portion of the conductive layer is
removed by etching; in this manner, a gate electrode layer 202
is formed. Etching is preferably performed so that an end
portion of the gate electrode layer 202 is tapered as shown in
FIG. 4A, in order to improve coverage with a film stacked
thereover.

Thereis no particular limitation on a substrate which can be
used as the first substrate 201; however, it needs to have at
least heat resistance to withstand heat treatment performed
later. A glass substrate can be used as the first substrate 201.

Further, when the temperature of heat treatment performed
later is high, a substrate having a strain point of 730° C. or
higher is preferably used as the glass substrate. As a glass
substrate, a glass material such as aluminosilicate glass, alu-
minoborosilicate glass, or barium borosilicate glass is used,
for example. By containing a larger amount of barium oxide
(BaO) than boron oxide, a glass substrate is heat-resistant and
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of' more practical use. Therefore, a glass substrate containing
BaO and B,0; so that the amount of BaO is larger than that of
B,0; is preferably used.

Instead of the above-described glass substrate, a substrate
formed of an insulator such as a ceramic substrate, a quartz
substrate, or a sapphire substrate may be used. Alternatively,
crystallized glass or the like may be used. The light-emitting
device in this embodiment has a top-emission structure in
which light is extracted through the second substrate 251;
therefore, a non-light-transmitting substrate such as a metal
substrate or the like can be used as the first substrate 201.

An insulating film serving as a base film may be provided
between the first substrate 201 and the gate electrode layer
202. The base film functions to prevent diffusion of an impu-
rity element from the first substrate 201 and can be formed
using one film or stacked films selected from a silicon nitride
film, a silicon oxide film, a silicon nitride oxide film, and a
silicon oxynitride film.

The gate electrode layer 202 can be formed to have a
single-layer or stacked-layer structure using a metal material
such as molybdenum, titanium, chromium, tantalum, tung-
sten, aluminum, copper, neodymium, or scandium, or an
alloy material which contains any of these materials as its
main component.

Next, a gate insulating layer 204 is formed over the gate
electrode layer 202. The gate insulating layer 204 can be
formed to have a single-layer or stacked-layer structure using
a silicon oxide layer, a silicon nitride layer, a silicon oxyni-
tride layer, a silicon nitride oxide layer, or an aluminum oxide
layer by a plasma CVD method, a sputtering method, or the
like. For example, a silicon oxynitride film may be formed by
a plasma CVD method using SiH, and N,O as a deposition
gas.

Next, a semiconductor layer is formed, and a second pho-
tolithography step and an etching step are performed thereon,
so that an island-shape semiconductor layer 206 is formed.

The semiconductor layer 206 can be formed using a silicon
semiconductor or an oxide semiconductor. As the silicon
semiconductor, single crystal silicon, polycrystalline silicon,
or the like can be used as appropriate. As the oxide semicon-
ductor, an In—Ga—Zn—0-based metal oxide or the like can
be used as appropriate. As the semiconductor layer 206, an
In—Ga—Zn—0-based metal oxide which is an oxide semi-
conductor is preferably used to reduce the off-state current of
the semiconductor layer, whereby an off-state leakage current
of a light-emitting element using the semiconductor layer can
be reduced.

Next, a conductive film is formed over the gate insulating
layer 204 and the semiconductor layer 206, and a third pho-
tolithography step and an etching step are performed thereon,
so that a source and drain electrode layers 208 are formed.

As the conductive film for the source and drain electrode
layers 208, for example, a metal film including an element
selected from Al, Cr, Cu, Ta, Ti, Mo, and W, or a metal nitride
film including any of the above elements as its component
(e.g., a titanium nitride film, a molybdenum nitride film, or a
tungsten nitride film) can be used. A metal film having a high
melting point such as Ti, Mo, W, or the like or a metal nitride
film of any of these elements (a titanium nitride film, a molyb-
denum nitride film, or a tungsten nitride film) may be stacked
onone or both of alower side and an upper side of'a metal film
of Al, Cu, or the like. The conductive film for the source and
drain electrode layers 208 may also be formed using conduc-
tive metal oxide. As the conductive metal oxide, indium oxide
(In,0O5), tin oxide (Sn0,), zinc oxide (ZnO), ITO, an indium
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oxide-zinc oxide alloy (In,O;—7n0), or any of these metal
oxide materials in which silicon oxide is contained can be
used.

Next, an insulating layer 210 is formed over the semicon-
ductor layer 206 and the source and drain electrode layers
208. As the insulating layer 210, an inorganic insulating film
such as a silicon oxide film, a silicon oxynitride film, or the
like can be used.

Next, a second insulating layer 212 is formed over the
insulating layer 210.

As the second insulating layer 212, an insulating film with
a planarization function is preferably selected in order to
reduce surface unevenness due to the transistor. For example,
an organic material such as polyimide, acrylic, benzocy-
clobutene, or the like can be used. Other than such an organic
material, it is also possible to use a low-dielectric constant
material (a low-k material) or the like. The second insulating
layer 212 may be formed by stacking a plurality of insulating
films formed using any of these materials.

Next, a fourth photolithography step and an etching step
are performed thereon to form openings which reach the
source and drain electrode layers 208 in the second insulating
layer 212 and the insulating layer 210. As a method for
forming the openings, a dry-etching method, a wet-etching
method, or the like may be selected as appropriate.

Next, a conductive film is formed over the second insulat-
ing layer 212 and the source and drain electrode layers 208,
and then, a fifth photolithography step and an etching step are
performed thereon, so that the refection electrode layer 214 is
formed.

As the refection electrode layer 214, a material which
reflects light emitted from the light-emitting layer 218
(formed later) efficiently is preferable. This is because the
light-extraction efficiency can be improved. The refection
electrode layer 214 may have a stacked-layer structure. For
example, a conductive film of metal oxide, a titanium film, or
the like may be formed thin on the side which is in contact
with the light-emitting layer 218, and a metal film (aluminum,
an alloy of aluminum, silver, or the like) which has high
reflectance may be formed on the other side. With such a
structure, formation of an insulating film between the light-
emitting layer 218 and the metal film (aluminum, an alloy of
aluminum, silver, or the like) which has high reflectance can
be suppressed, which is preferable.

Next, atransparent conducive film is formed over the refec-
tion electrode layer 214, and a sixth photolithography step
and an etching step are performed thereon, so that the first
transparent electrode layer 220q is formed.

Next, atransparent conducive film is formed over the refec-
tion electrode layer 214 and the first transparent electrode
layer 220a, and a seventh photolithography step and an etch-
ing step are performed thereon, so that the second transparent
electrode layer 2206 is formed. Neither the first transparent
electrode layer 220a nor the second transparent electrode
layer 2206 is provided only in the blue pixel 240a.

As any of materials of the first transparent electrode layer
220aq and the second transparent electrode layer 2204, indium
oxide (In,0;), tin oxide (SnO,), zinc oxide (ZnO), ITO, an
indium oxide-zinc oxide alloy (In,O;—7n0), or any of these
metal oxide materials in which silicon oxide is contained can
be used.

Methods of forming the first transparent electrode layer
220aq and the second transparent electrode layer 2205 are not
limited thereto. For example, the following method can be
used: a transparent conductive film is formed with a thickness
required as the thickness of the second transparent electrode
layer 2204, and is removed only in a region where the first
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transparent electrode layer 220a is to be formed by dry-
etching or wet-etching to a thickness required as the thickness
of'the first transparent electrode layer 2204. The second trans-
parent electrode layer 2205 may be stacked on the transparent
conductive film used in the first transparent electrode layer
220a.

With such a structure in which the transparent electrode
layer is not provided only in the blue pixel 2404, the number
of masks and the number of manufacturing steps can be
reduced, leading to a reduction in manufacturing costs.

Next, a bank 216 is formed over the refection electrode
layer 214, the first transparent electrode layer 2204, and the
second transparent electrode layer 2205.

The bank 216 is formed using an organic insulating mate-
rial or an inorganic insulating material. It is particularly pref-
erable that the bank 216 be formed using a photosensitive
resin material to have an opening over the refection electrode
layer 214 in the blue pixel 240qa so that a sidewall of the
opening has an inclined surface with continuous curvature, an
opening over the first transparent electrode layer 220q in the
green pixel 2405 so that a sidewall of the opening has an
inclined surface with continuous curvature, and an opening
over the second transparent electrode layer 2205 in the red
pixel 240c¢ so that a sidewall of the opening has an inclined
surface with continuous curvature.

Next, the light-emitting layer 218 is formed over the refec-
tion electrode layer 214, the first transparent electrode layer
220a, the second transparent electrode layer 2205, and the
bank 216. The light-emitting layer 218 may have a single-
layer or stacked-layer structure, and light emitted from the
light-emitting layer 218 is preferably white, and has prefer-
ably peaks in each ofred, green, and blue wavelength regions.

Next, the transflective electrode layer 219 is formed over
the light-emitting layer 218.

One of the refection electrode layer 214 and the transtlec-
tive electrode layer 219 functions as an anode of the light-
emitting layer 218, and the other thereof functions as a cath-
ode of the light-emitting layer 218. It is preferable to use a
substance having a high work function for the electrode
which functions as the anode, and a substance having a low
work function for the electrode which functions as the cath-
ode.

Through the above process, the first substrate 201 provided
with the transistor 230 for controlling the driving of a light-
emitting element and the light-emitting layer 218 is formed.

Next, a manufacturing method of the second substrate 251
provided with the light-shielding film 252, the color filters
254, and the overcoat 256 is described below.

First, a conductive film is formed over the second substrate
251, and an eighth photolithography step and an etching step
are performed thereon, so that the light-shielding film 252 is
formed. Color mixture between the pixels can be prevented
by the light-shielding film 252. The light-shielding film 252 is
not necessarily provided.

As the light-shielding film 252, a metal film having a low
reflectance, such as titanium or chromium, an organic resin
film which is impregnated with black pigment or black dye, or
the like can be used.

Next, the color filters 254 are formed over the second
substrate 251 and the light-shielding film 252.

The color filter 254 is a coloring layer through which light
in a specific wavelength range passes. For example, a red (R)
color filter through which light in the wavelength range of red
passes, a green (G) color filter through which light in the
wavelength range of green passes, a blue (B) color filter
through which light in the wavelength range of blue passes, or
the like can be used. Each color filter is formed in a desired
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position with a known material by a printing method, an inkjet
method, an etching method using a photolithography tech-
nique, or the like.

Although a method using three colors of RGB is described
in this embodiment, four colors of RGBY (Y is yellow) as
described in Embodiment 2, or five or more colors may alter-
natively be employed in one embodiment of the present
invention.

Next, the overcoat 256 is formed over the light-shielding
film 252 and the color filters 254. The overcoat 256 can be
formed using an organic resin film of acrylic, polyimide, or
the like. With the overcoat 256, diffusion of impurities in the
color filters 254 into the light-emitting layer 218 side can be
prevented. The overcoat 256 can have a stacked-layer struc-
ture of an organic resin film and an inorganic resin film. As the
inorganic resin film, silicon nitride, silicon oxide, or the like
can be used. The overcoat 256 is not necessarily provided.

Through the above process, the second substrate 251 pro-
vided with the light-shielding film 252, the color filters 254,
and the overcoat 256 is formed.

The first substrate 201 and the second substrate 251 are
aligned to be attached to each other, whereby the light-emit-
ting device is formed. Accordingly, the color filters 254, each
of which is a coloring layer through which light in a specific
wavelength range passes, are provided facing the transflective
electrode layer 219 provided on the first substrate 201. The
first substrate 201 can be attached to the second substrate 251
by using a light-transmitting adhesive having high refractive
index, or the like.

As described above, the optical distance is changed
between the respective light-emitting elements in the blue,
green, and red pixels in the light-emitting device described in
this embodiment. A desired spectrum is intensified by a
microcavity in each light-emitting element, whereby the
light-emitting device can have high color purity. Further, the
transparent electrode layer is not provided in the light-emit-
ting element in the blue pixel, by which the number of masks,
the number of manufacturing steps, and manufacturing costs
can be reduced.

Hereinafter, the top-emission light-emitting device in
which a white-light-emitting element and a color filter are
used in combination, which is described in this embodiment
(the structure is hereinafter abbreviated to a white, CF, TE
structure) is compared to a top-emission light-emitting device
in which light-emitting elements are formed using a separate
coloring method (the structure is hereinafter abbreviated to a
separate coloring, TE structure). The separate coloring
method is a method of separately depositing respective mate-
rials of RGB for pixels by a vapor-deposition method or the
like.

First, for colorization, a color filter is used in the case ofthe
white, CF, TE structure, and thus the color filter is needed. On
the other hand, colorization is performed separately per pixel
by a vapor-deposition method or the like in the case of the
separate coloring, TE structure, and thus no color filter is
needed. However, the separate coloring, TE structure
involves a metal mask or the like for separate coloring. Sepa-
rate coloring can also be performed using an inkjet method or
the like without using a metal mask; however, many technical
problems have remained and that is difficult. In the case
where a metal mask is used, a deposition material is also
deposited on the metal mask, which deteriorates the effi-
ciency of the use of the material and increases costs. In addi-
tion, the metal mask is in contact with the light-emitting
element, leading to breakdown of the light-emitting element,
damage, particles, and the like by the contact, so that the yield
is reduced.
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Further, in the case of the white, CF, TE structure, external
light reflection is suppressed, and therefore provision of a
polarizer can be omitted. On the other hand, a polarizer is
needed to prevent the external light reflection in the separate
coloring, TE structure. The enhancement of the color purity
using a microcavity can be applied to both of the white, CF,
TE structure and the separate coloring, TE structure.

Next, as for the pixel size, a margin for separate coloring
needs to be provided between pixels in the separate coloring,
TE structure. Therefore, the size of each pixel cannot be
increased. Consequently, the aperture ratio is drastically
reduced. On the other hand, there is no need to provide a
margin for separate coloring between pixels in the white, CF,
TE structure, and thus the size of each pixel can be increased
and the aperture ratio can be increased accordingly.

The light-emitting device includes in its category a
medium-size one, which is inches or less in diagonal, or a
small-size one which are used for a mobile phone and the like,
and a large-size one which is several tens to several hundreds
of inches in diagonal used for a television set and the like.

In the case of manufacturing a large-size light-emitting
device, a manufacturing technique adaptable for the light-
emitting device is indispensable. In the separate coloring, TE
structure, the technique and production facility of a metal
mask for a large size have not been established yet, which
makes it difficult to realize the separate coloring, TE struc-
ture. Further, even the establishment of the technique and
production facility of a metal mask for a large size does not
resolve such a problem in the efficiency of the use of the
material that the deposition material is also deposited on a
metal mask. On the other hand, the white, CF, TE structure
can be manufactured with an existing production facility
because a metal mask is not needed, which is preferable.

A manufacturing device of a light-emitting device is an
indispensable factor for the yield of the light-emitting
devices. For example, in the case where the light-emitting
element has a structure in which a plurality of stacked-layer
structures are stacked, a plurality of deposition sources is
preferably deposited over a substrate at once or consecutively
with in-line or multi-chamber equipment for manufacturing
the light-emitting device. In the case of the separate coloring,
TE structure, a metal mask is changed to be aligned with
separate coloring per pixel, which makes it difficult to use
in-line or multi-chamber manufacturing equipment. On the
other hand, in the case of the white, CF, TE structure, in-line
or multi-chamber manufacturing equipment can be easily
used since no metal mask is needed.

Comparing with a liquid crystal display device, the light-
emitting device described in this embodiment is of self-lumi-
nous type and thus needs no backlight, resulting in higher
contrast and lower power consumption. No need of backlight
also enables reductions in thickness and weight. Further, the
light-emitting device described in this embodiment and a
touch panel can be formed monolithically.

As described above, the light-emitting device which is one
embodiment of the present invention is greatly superior to a
conventional light-emitting device.

This embodiment can be implemented in appropriate com-
bination with any structure described in the other embodi-
ments.

Embodiment 5

In this embodiment, an appearance and a cross section of a
display device (also referred to as a display panel or a light-
emitting panel) which is one embodiment of a light-emitting
device of the present invention are described using FIGS. 5A
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and 5B. FIG. 5A is a plan view of a panel in which a transistor
for driving a light-emitting element and a light-emitting ele-
ment which are provided over a first substrate, and a light-
shielding film, color filters, and an overcoat provided on a
second substrate are sealed with a sealant. FIG. 5B corre-
sponds to a cross-sectional diagram cut along dotted line
B1-B2 in FIG. 5A.

A sealant 4505 is provided to surround a pixel portion
4502, a signal line driver circuit 4503a, a signal line driver
circuit 45035, a scan line driver circuit 4504a, and a scan line
driver circuit 45045, which are provided over a first substrate
4501. In addition, a second substrate 4506 is provided over
the pixel portion 4502, the signal line driver circuits 4503a
and 45035, and the scan line driver circuits 4504a and 45045.

Further, a light-shielding film 4521, a blue color filter
4522a, a green color filter 45225, ared color filter 4522¢, and
an overcoat 4523 are provided on the second substrate 4506.
The light-shielding film 4521, the blue color filter 45224, the
green color filter 45224, the red color filter 4522¢, and the
overcoat 4523 can be formed in manners which are the same
as respective those provided on the second substrate 251
described in Embodiment 4.

With such a structure, the pixel portion 4502, the signal line
driver circuit 4503q, the signal line driver circuit 45035, the
scan line driver circuit 4504a, and the scan line driver circuit
45045 are hermetically sealed together with a filler 4507 by
the first substrate 4501, the sealant 4505, and the second
substrate 4506. It is preferable that the panel be packaged
(sealed) with a protective film (an attachment film, an ultra-
violet curable resin film, or the like) or a cover material with
less degasification such that the panel is not exposed to the
outside air, which is because the air-tightness becomes high.

Further, the pixel portion 4502, the signal line driver circuit
4503a, the signal line driver circuit 45035, the scan line driver
circuit 45044, and the scan line driver circuit 45045 which are
provided over the first substrate 4501 each include a plurality
of transistors. Transistors 4510, 4511, and 4512 included in
the pixel portion 4502 and a transistor 4509 included in the
signal line driver circuit 4503a are shown in FIG. 5B.

The transistors 4509 to 4512 can be formed by a method
similar to that of the transistor 230 described in Embodiment
4.

Further, reflection electrode layers 4513 which are in con-
tact with a light-emitting layer 4515 are provided in light-
emitting elements, respectively. The reflection electrode layer
4513 is electrically connected to a source or drain electrode of
corresponding one of the transistors 4510 to 4512. The ele-
ment structure described in Embodiment 3 can be applied to
the structure of the light-emitting layer 4515.

A light-emitting element under the blue color filter 4522a
includes the reflection electrode layer 4513, the light-emit-
ting layer 4515, and a transflective electrode layer 4516. A
light-emitting element under the green color filter 45225
includes the corresponding reflection electrode layer 4513, a
first transparent electrode layer 4514a, the light-emitting
layer 4515, and the transflective electrode layer 4516. A light-
emitting element under the red color filter 4522¢ includes the
corresponding reflection electrode layer 4513, a second trans-
parent electrode layer 45144, the light-emitting layer 4515,
and the transflective electrode layer 4516.

As described above, the structure is changed between the
respective light-emitting elements under the blue, green, and
red color filters. A desired spectrum is intensified by a micro-
cavity in each light-emitting element, and light with the inten-
sified spectrum passes through the color filter, providing
emission with higher color purity.
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A bank 4520 is formed using an organic resin film, an
inorganic insulating film, or organo polysiloxane. It is par-
ticularly preferable that the bank 4520 be formed using a
photosensitive material to have openings over the reflection
electrode layer 4513, the first transflective electrode layer
4514a, and the second transflective electrode layer 45145 so
that a sidewall of each opening has an inclined surface with
continuous curvature.

The light-emitting layer 4515 may have a single-layer or
stacked-layer structure. A protective film may be formed over
the transflective electrode layer 4516 in order to prevent entry
of oxygen, hydrogen, moisture, carbon dioxide, or the like
into the light-emitting layer 4515. As the protective film, a
silicon nitride film, a silicon nitride oxide film, or the like can
be formed.

In addition, a variety of signals and potentials are supplied
from an FPC 4518 to the signal line driver circuit 45034, the
signal line driver circuit 45034, the scan line driver circuit
4504a, the scan line driver circuit 4504b, or the pixel portion
4502.

A connection terminal electrode 4517 is formed of the
same conductive film as each source or drain electrode of the
transistors 4510 to 4512, and a terminal electrode 4525 is
formed of the same conductive film as each gate electrode of
the transistors 4510 to 4512.

The connecting terminal electrode 4517 is electrically con-
nected to a terminal included in the FPC 4518 through an
anisotropic conductive film 4519.

Light from the light-emitting layer 4515 is extracted from
the second substrate 4506 side. Therefore, the second sub-
strate 4506 needs to have a light-transmitting property; for
example, a glass plate, a plastic plate, a polyester film, an
acrylic film, or the like is used as a material of the second
substrate 4506.

As the filler 4507, an ultraviolet curable resin or a thermo-
setting resin can be used, as well as an inert gas such as
nitrogen or argon. For example; PVC (polyvinyl chloride),
acrylic, polyimide, an epoxy resin, a silicone resin, PVB
(polyvinyl butyral), or EVA (ethylene vinyl acetate) can be
used. For example, nitrogen may be used for the filler.

If necessary, an optical film such as a polarizing plate, a
circularly polarizing plate (including an elliptically polariz-
ing plate), a retardation plate (a quarter-wave plate or a half-
wave plate), or the like may be appropriately provided for the
second substrate 4506. Further, the polarizing plate or the
circularly polarizing plate may be provided with an anti-
reflection film. For example, anti-glare treatment by which
reflected light can be diffused by unevenness of the surface to
reduce glare can be performed.

As the signal line driver circuit 45034, the signal line driver
circuit 45035, the scan line driver circuit 4504a, and the scan
line driver circuit 45045, driver circuits formed by using a
single crystal semiconductor film or a polycrystalline semi-
conductor film over other substrates/another substrate may be
mounted. Only the signal line driver circuits or part thereof, or
only the scan line driver circuits or part thereof may be sepa-
rately formed and mounted. One embodiment of the present
invention is not limited to the structure shown in FIGS. 5A
and 5B.

As described above, the optical distance is changed
between the respective light-emitting elements under the
blue, green, and red color filters in the light-emitting device
described in this embodiment. A desired spectrum is intensi-
fied by a microcavity in each light-emitting element, whereby
the light-emitting device can have high color purity. Further,
the transparent electrode layer is not provided in the light-
emitting element under the blue color filter, by which the
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number of masks, the number of manufacturing steps, and
manufacturing costs can be reduced.

This embodiment can be implemented in appropriate com-
bination with any structure described in the other embodi-
ments.

Embodiment 6

In this embodiment, electronic devices each including the
light-emitting device described in any of Embodiments 1 to 5
are described.

Examples of the electronic device including the light-emit-
ting device described in any of Embodiments 1 to 5 include
cameras such as video cameras and digital video cameras,
goggle type displays, navigation systems, audio playback
devices (e.g., car audio systems and audio systems), comput-
ers, game machines, portable information terminals (e.g.,
mobile computers, mobile phones, portable game machines,
and electronic books), image playback devices with a record-
ing medium (specifically, devices that are capable of playing
back recording media such as digital versatile discs (DVDs)
and equipped with a display unit that can display images
thereof), and the like. Specific examples of those electronic
devices are illustrated in FIGS. 6A to 6D.

FIG. 6A shows a television device which includes a hous-
ing 9101, a supporting base 9102, a display portion 9103,
speaker portions 9104, video input terminals 9105, and the
like. In the television device, the light-emitting device
described in any of Embodiments 1 to 5 is used for the display
portion 9103. The light-emitting device whose desired spec-
trum is intensified by a microcavity is used in the display
portion 9103, whereby the television device has high color
purity.

FIG. 6B shows a computer which includes a main body
9201, a housing 9202, a display portion 9203, a keyboard
9204, an external connection port 9205, and a pointing device
9206. In the computer, the light-emitting device described in
any of Embodiments 1 to 5 is used for the display portion
9203. The light-emitting device whose desired spectrum is
intensified by a microcavity is used in the display portion
9203, whereby the computer has high color purity.

FIG. 6C shows a mobile phone which includes a main body
9401, a chassis 9402, a display portion 9403, an audio input
portion 9404, an audio output portion 9405, an operation key
9406, an external connection port 9407, an antenna 9408, and
the like. In the mobile phone, the light-emitting device
described in any of Embodiments 1 to 5 is used for the display
portion 9403. The light-emitting device whose desired spec-
trum is intensified by a microcavity is used in the display
portion 9403, whereby the mobile phone has high color
purity.

FIG. 6D shows a digital video camera which includes a
main body 9501, a display portion 9502, a housing 9503, an
external connection port 9504, a remote control receiving
portion 9505, an image receiving portion 9506, a battery
9507, an audio input portion 9508, operation keys 9509, an
eyepiece portion 9510, and the like. In the digital video cam-
era, the light-emitting device described in any of Embodi-
ments 1 to 5 is used for the display portion 9502. The light-
emitting device whose desired spectrum is intensified by a
microcavity is used in the display portion 9502, whereby the
digital video camera has high color purity.

As described above, the application range of the light-
emitting device described in any of Embodiments 1 to 5 is so
wide that the light-emitting device can be applied to elec-
tronic devices of various fields.
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This embodiment can be implemented in appropriate com-
bination with any structure described in the other embodi-
ments.

Embodiment 7

In this embodiment, an example of a light-emitting device
using the light-emitting device described in Embodiment 4 is
described using FIG. 9.

A light-emitting device shown in FIG. 9 is a cross-sectional
diagram corresponding to part of pixels of a light-emitting
device in which a light-emitting device 300, which is the one
shown in FIGS. 4A to 4C, is combined with a switching
liquid-crystal panel 301.

The switching liquid-crystal panel 301 functions as a so-
called parallax barrier. With the switching liquid-crystal
panel 301, parallax is provided for light from the light-emit-
ting device 300 is emitted to a certain direction, which enables
3D (three-dimensional) display.

In this embodiment, with the parallax barrier, a light-
shielding region (barrier region) is provided against light
emitted from the light-emitting device 300 to give a certain
viewing angle to change the space region of light emission
between for the right eye and for the left eye, so that viewers
can recognize respective images for the eyes as 3D (three-
dimensional) display. Further, when the light-shielding
region is not provided, 2D display can be performed; the
switching liquid-crystal panel 301 can switch 3D and 2D
displays.

The light-emitting device 300 is the light-emitting device
described in Embodiment 4, in which the blue pixel 240a, the
green pixel 2405, and the red pixel 240¢ are provided between
the first substrate 201 and the second substrate 251. Further,
over the first substrate 201, the transistor 230 for controlling
driving of the light-emitting element and the reflection elec-
trode layer 214 which is electrically connected to the transis-
tor 230 are provided.

In this embodiment, the blue pixel 240a includes the light-
emitting element whose emission peaks in the wavelength
range of blue, the green pixel 2405 includes the light-emitting
element whose emission peaks in the wavelength range of
green, and the red pixel 240c includes the light-emitting ele-
ment whose emission peaks in the wavelength range of red.

In the blue pixel 240a, the light-emitting layer 218 is
directly formed on the reflection electrode layer 214 and the
transflective electrode layer 219 is formed over the light-
emitting layer 218 in the light-emitting element for blue. In
the green pixel 2405, the first transparent electrode layer 220a
is formed over the reflection electrode layer 214, the light-
emitting layer 218 is formed over the first transparent elec-
trode layer 220a, and the transflective electrode layer 219 is
formed over the light-emitting layer 218 in the light-emitting
element for green. In the red pixel 240c, the second transpar-
ent electrode layer 2205 is formed over the reflection elec-
trode layer 214, the light-emitting layer 218 is formed over
the second transparent electrode layer 2205, and the trans-
flective electrode layer 219 is formed over the light-emitting
layer 218 in the light-emitting element for red.

In this manner, the structure between the reflection elec-
trode layer 214 and the transflective electrode layer 219 in the
light-emitting element is different per pixel (the blue pixel
240a, the green pixel 2405, the red pixel 240c).

The second substrate 251 is provided with the light-shield-
ing film 252 which functions as a black matrix, the color filter
254, and the overcoat 256. The color filter 254 is a coloring
layer, through which light corresponding to the color (blue,
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green, or red) of light emitted from the light-emitting element
passes to be extracted from the second substrate 251 side.

In this manner, the light path length between the reflection
electrode layer 214 and the transflective electrode layer 219 is
changed in the light-emitting element depending on the pixel
(the blue pixel 240aq, the green pixel 2405, the red pixel 240¢)
to change the optical distance. The optical distance may be
adjusted to the light path length so as to amplify a spectrum
for the light-emitting element in the pixel by a resonance
effect. The light-emitting layer 218 is directly formed on the
reflection electrode layer 214, and the transflective electrode
layer 219 is formed over the light-emitting layer 218 in the
light-emitting element in the blue pixel 2404, i.e., a transpar-
ent electrode layer (the first transparent electrode layer 220a,
the second transparent electrode layer 2205) is not formed in
the light-emitting element in the blue pixel 240a.

With the structure, the number of masks, the number of
manufacturing steps, and manufacturing costs can be reduced
because the transparent electrode layer is not needed in the
blue pixel 240q.

In the switching liquid-crystal panel 301, a liquid-crystal
layer 310 is provided between a third substrate 302 and a
fourth substrate 304, the third substrate 302 is provided with
a common electrode 306, and the fourth substrate 304 is
provided with patterned electrodes 308. Further, the third
substrate 302 and the fourth substrate 304 are provided with
polarizers 312a and 3125, respectively.

The third substrate 302 and the fourth substrate 304 each
can be formed using a light-transmitting material; for
example, a glass substrate or the like can be used. The com-
mon electrode 306 and the patterned electrodes 308 each can
be formed using a light-transmitting conductive material; for
example, ITO can be used. The shape of the patterned elec-
trode 308 can be adjusted as appropriate. The liquid-crystal
layer 310 and the polarizers 312a and 3125 can be formed
using respective known materials.

The light-emitting device 300 is attached to the switching
liquid-crystal panel 301, so that a light-emitting device
capable of performing 3D display can be provided. A trans-
parent layer (e.g., an acrylic resin layer) may be provided as a
spacer between the light-emitting device 300 and the switch-
ing liquid-crystal panel 301 to keep an appropriate distance
therebetween.

In the switching liquid-crystal panel 301, a region where
the patterned electrode 308 is provided can be turned into a
light-shielding region by applying a voltage to the patterned
electrode 308, i.e., can shield part of light emitted from the
light-emitting device 300 to function as a parallax barrier. On
the other hand, when no voltage is applied to the patterned
electrode 308, the region where the patterned electrode 308 is
providedis a light-transmitting region, i.e., all of light emitted
from the light-emitting device 300 can pass through the
switching liquid-crystal panel 301. That is, 3D display can be
performed when a voltage is applied to the patterned elec-
trode 308 whereas 2D display can be performed when no
voltage is applied to the patterned electrode 308.

As described above, the light-transmitting device of one
embodiment of the present invention can be used as a light-
transmitting device capable of performing 3D display in com-
bination with the switching liquid-crystal panel.

As described above, a desired spectrum is intensified by a
microcavity in each light-emitting element in the light-emit-
ting device described in this embodiment, whereby the light-
emitting device can have high color purity. Further, a light-
emitting device capable of switching 3D display and 2D
display can be provided in combination with a switching
liquid-crystal panel.
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This embodiment can be implemented in appropriate com-
bination with any structure described in the other embodi-
ments.

Example 1

In this example, the light-emitting elements shown in FIG.
1B described in Embodiment 1 and the light-emitting ele-
ments shown in FIG. 1B each with a color filter provided were
manufactured, and their emission spectra were measured.
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tion electrode layer and a microcavity is used to increase the
intensity of blue light in the emission spectrum of the light-
emitting layer. Light-emitting Element 2 is a light-emitting
element in which the transparent electrode layer with a thick-
ness of 30 nm is formed over the reflection electrode layer and
amicrocavity is used to increase the intensity of green light in
the emission spectrum of the light-emitting layer. Light-emit-
ting Element 3 is a light-emitting element in which the trans-
parent electrode layer with a thickness of 70 nm is formed

i it in thi i it- 7 overthe reflection electrode | dami ity is used t
As the light-emitting elements in this example, Light-emit- over the reflection electrode layer and a microcavity 1s used to
ting Elements 1 to 6 were manufactured while changing the increase the intensity of red light in the emission spectrum of
presence and thickness of the transparent electrode layerand ~ the light-emitting layer. Light-emitting Elements 4, 5, and 6
the presence of the color filter. are Light-emitting Elements 1, 2, and 3 with respective color
Light-emitting Element 1 is a light-emitting element in filters, respectively. Table 1 shows structures of Light-emit-
which the light-emitting layer is directly formed on the reflec- ting Flements 1 to 6 manufactured in this example.
TABLE 1
1st 2nd
Reflective  Transparent Light- Transflective Transflective
Electrode Electrode  Emitting  Electrode Electrode
Layer Layer Layer Layer Layer Color Filter
Light- AL-TiVTi No Light- Ag:Mg ITO No
Emitting 200 nm\6 nm Emitting (=10:1) 50 nm
Element 1 Layer A 10 nm
Light- ALTITI  ITO-SiO,  Lightt  Ag:Mg ITO No
Emitting 200 nm\6 nm 30 nm Emitting (=10:1) 50 nm
Element 2 Layer A 10 nm
Light- ALTITI  ITO-SiO,  Lightt  Ag:Mg ITO No
Emitting 200 nm\6 nm 70 nm Emitting (=10:1) 50 nm
Element 3 Layer A 10 nm
Light- AL-TiVTi No Light- Ag:Mg ITO Yes
Emitting 200 nm\6 nm Emitting (=10:1) 50 nm
Element 4 Layer A 10 nm
Light- AL-TiVTi ITO-SiO, Light- Ag:Mg ITO Yes
Emitting 200 nm\6 nm 30 nm Emitting (=10:1) 50 nm
Element 5 Layer A 10 nm
Light- AL-TiVTi ITO-Si0, Light- Ag:Mg ITO Yes
Emitting 200 nm\6 nm 70 nm Emitting (=10:1) 50 nm
Element 6 Layer A 10 nm
40  Light-emitting Layer A was used in each of Light-emitting
Elements 1 to 6. Light-emitting Layer A formed in this
example is a three-wavelength white stacked-layer element
(also called a tandem element). A structure of Light-emitting
Layer A is shown in Table 2.
TABLE 2
1st 2nd
Hole- 1st Hole- 1st Light- Electron- Electron-
Injection Transport Emitting Transport  Transport Charge
Layer Layer Layer(Blue) Layer Layer Generation Layer
Light-  PCzPA: PCzPA CzPA:1,6- CzPA BPhen Ca CuPc PCzPA:
Emitting  MoOx 20 nm mMemFLPAPrn 5 nm 15 nm 1 nm 2 nm MoOx
Layer A (=1:0.5) (=1:0.05) (=1:0.5)
30 nm 30 nm 30 nm
—- 2nd 2nd 3rd 3rd 4th
Hole- Light- Light- Electron- Electron- Electron-
Transport Emitting Emitting Transport Transport Injection
Layer Layer(Green) Layer(Red) Layer Layer Layer
— BPAFLP 2mDBTPDBq: 2mDBTPDBq II: 2mDBTP BPhen LiF
20 nm PCBA1BP: Ir(tppr)2dpm DBq II 15 nm 1 nm
Ir(mppm)2acac (=1:0.02) 15 nm
(=0.8:0.2:0.06) 20 nm

20 nm
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The structures of Light-emitting Elements 1 to 6 are the
same as each other except the transparent electrode layer and
the color filter.

Methods for manufacturing Light-emitting Flements 1 to 6
are described hereinbelow.

(Light-Emitting Element 1)

First, Al—Ti and Ti were deposited consecutively over a
glass substrate by a sputtering method to form the reflection
electrode layer. The thicknesses of Al—Ti and Ti were 200
nm and 6 nm, respectively and the area of the reflection
electrode layer was 2 mmx2 mm. At least part of Ti (6 nm)
over Al—Ti is oxidized.

Next, as pretreatment for forming the light-emitting ele-
ment, a surface of the substrate was washed with water, baked
at 200° C. for one hour, and subjected to UV ozone treatment
for 370 seconds. Then, the substrate was transferred into a
vacuum evaporation apparatus whose pressure was reduced
to about 10~* Pa, vacuum baking at 170° C. for 30 minutes
was performed in a heating chamber of the vacuum evapora-
tion apparatus, and then the substrate was cooled down for
about 30 minutes.

Then, the substrate was fixed to a substrate holder in the
vacuum evaporation apparatus such that the side where the
reflection electrode layer was provided is downward, the
pressure was reduced to about 10~ Pa, and then, Light-emit-
ting Layer A was formed over the reflection electrode layer.

In Light-emitting Layer A, first, 9-[4-(9-phenylcarbazol-3-
yD)|phenyl-10-phenylanthracene  (abbreviation: PCzPA;
chemical formula: (100)) and molybdenum oxide were
deposited by a co-evaporation method to form the hole-injec-
tion layer. The thickness thereof was 30 nm, and the weight
ratio of PCzPA to molybdenum oxide was adjusted to 1:0.5
(=PCzPA:molybdenum oxide). The co-evaporation method
refers to an evaporation method in which deposition is carried
out from a plurality of evaporation sources at the same time in
one treatment chamber.

[Chemical Formula 1]

[PCzPA]

Next, a PCzPA film was formed to a thickness of 20 nm
over the hole-injection layer to form a first hole-transport
layer.

Then, 9-[4-(N-carbazolyl)|phenyl-10-phenylanthracene
(abbreviation: CzPA; chemical formula: (101)) and N,N'-bis
(3-methylphenyl)-N,N'-bis[3-(9-phenyl-9H-fluoren-9-yl)
phenyl]-pyrene-1,6-di amine (abbreviation: 1,6mMemFL.-
PAPrn; chemical formula: (102)) were deposited by a
co-evaporation method over the first hole-transport layer, so
that a first light-emitting layer was formed. The thickness of
the first light-emitting layer was 30 nm. The weight ratio of
CzPA to 1,6mMemFLPAPrn was adjusted to 1:0.05 (=CzPA:
1,6mMemFLPAPm).
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[Chemical Formula 2]

(101)

oot

[CzPA]

(102)

H;C

) cc‘e‘ i
'e

Next, a CzPA film was formed to a thickness of 5 nm over
the first light-emitting layer to form a first electron-transport
layer. Then, bathophenanthroline (abbreviation: BPhen;
chemical formula: (103)) was deposited over the first elec-
tron-transport layer to a thickness of 15 nm to form a second
electron-transport layer.

CH;

[1,6-mMemFLPAPrn]

[Chemical Formula 3]

(103)

Next, a charge generation layer was formed over the sec-
ond electron-transport layer. As the charge generation layer,
over the second electron-transport layer, Ca, copper(Il)
phthalocyanine (abbreviation: CuPc; chemical formula:
(104)), and a co-evaporated film of PCzPA and molybdenum
oxide (1:0.5=PCzPA:molybdenum oxide in weight ratio)
were sequentially deposited to thicknesses of 1 nm, 2 nm, and
30 nm, respectively.



US 9,172,059 B2

[Chemical Formula 4]

2,
S
2,
o
P &

(104)
5
N
/ | \ 10
N Cu——N
74 l N\
N N=N 15
20
[CuPC]

Next, over the charge generation layer, 4-phenyl-4'-(9-phe-
nylfluoren-9-yDtriphenylamine (abbreviation: BPAFLP;
chemical formula: (105)) was deposited to a thickness of 20
nm as a second hole-transport layer.

[Chemical Formula 5]

)
s

(105)

L)

O

[BPAFLP]

After that, a second light-emitting layer was formed over
the second hole-transport layer. The second light-emitting
layer was formed by co-evaporation of 2-[3-(diben-
zothiophen-4-yl)phenyl|dibenzo[f,h]quinoxaline (abbrevia-
tion: 2mDBTPDBQg-II; chemical formula: (106)), 4-phenyl-
4'-(9-phenyl-9H-carbazol-3-yl)triphenylamine
(abbreviation: PCBA1BP; chemical formula: (107)), and
(acetylacetonato)bis(6-methyl-4-phenylpyrimidinato)iri-
dium(IIl) (abbreviation: [Ir(mppm),(acac)]; chemical for-
mula: (108)). The weight ratio of 2mDBTPDBg-II to
PCBAI1BP to [Ir(mppm),(acac)] was adjusted to 0.8:0.2:0.06
(=2mDBTPDBq-II:PCBA1BP:[Ir(mppm),(acac)]). In addi-
tion, the thickness of the second light-emitting layer was 20
nm.
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[Chemical Formula 6]

5o

[2mDBTPDBg-II]

(106)

107)

[PCBA1BP]

(108)

\)

[Ir(mppm)Z(acac)]

H;C

Next, a third light-emitting layer was formed over the
second light-emitting layer. The third light-emitting layer was
formed by co-evaporation of 2mDBTPDBq-II and bis(2,3,5-
triphenylpyrazinato)(dipivaloylmethanato)iridium(IIl) (ab-
brebiation: Ir(tppr),(dpm); chemical formula: (109)). The
thickness of the third light-emitting layer was 20 nm. The
weight ratio of 2mDBTPDBg-II to Ir(tppr),(dpm) was
adjusted to 1:0.02 (=2mDBTPDBq-11:Ir(tppr),(dpm)).
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[Chemical Formula 7]

CH3

c—CH3

L c—CH3
AN CH3

[Tr(tppr)2(dpm)]

Then, 2mDBTPDBg-1I was deposited to a thickness of 15
nm as a third electron-transport layer over the third light-
emitting layer.

Then, BPhen (abbrebiation) was deposited to a thickness of
15 nm as a fourth electron-transport layer over the third
electron-transport layer.

Further, lithium fluoride (LiF) was deposited to a thickness
of 1 nm over the fourth electron-transport layer to form an
electron-injection layer.

Next, the first transflective electrode layer was formed by
co-evaporation of silver (Ag) and magnesium (Mg). The
thickness thereof was 10 nm, and the volume ratio of Ag to
Mg was adjusted to 10:1 (=Ag:Mg).

Finally, the second transflective electrode layer was
formed by depositing ITO to a thickness of 50 nm. In this
manner, Light-emitting Element 1 in this example was manu-
factured.

Next, a method for manufacturing Light-emitting Element
2 in this example is described below. Description on part of
the structure of Light-emitting Element 2 which is the same as
that of Light-emitting Element 1 is not repeated.
(Light-Emitting Element 2)

First, Al—Ti and Ti were deposited consecutively over a
glass substrate by a sputtering method to form the reflection
electrode layer. The thicknesses of Al—Ti and Ti were 200
nm and 6 nm, respectively and the area of the reflection
electrode layer was 2 mmx2 mm. At least part of Ti (6 nm)
over Al—Ti is oxidized.

Next, the transparent electrode layer was formed by a sput-
tering method using a target in which silicon oxide is con-
tained in an indium oxide-tin oxide alloy (abbreviation:
ITO—Si0,; composition ratio: In,05:Sn0,:S10,=85:10:5
[weright %]). The thicknesses of ITO—SiO, was 30 nm, and
the area of the transparent electrode layer was 2 mmx2 mm.

Next, as pretreatment for forming the light-emitting ele-
ment, a surface of the substrate was washed with water, baked
at 200° C. for one hour, and subjected to UV ozone treatment
for 370 seconds. Then, the substrate was transferred into a
vacuum evaporation apparatus whose pressure was reduced
to about 10~* Pa, vacuum baking at 170° C. for 30 minutes
was performed in a heating chamber of the vacuum evapora-
tion apparatus, and then the substrate was cooled down for
about 30 minutes.

Then, the substrate was fixed to a substrate holder in the
vacuum evaporation apparatus such that the side where the
transparent electrode layer was provided is downward, the
pressure was reduced to about 10~ Pa, and then, Light-emit-
ting Layer A was formed over the transparent electrode layer.
Light-emitting Layer A was formed in a manner similar to
that in Light-emitting Element 1.
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After formation of Light-emitting Layer A, the first trans-
flective electrode layer was formed by co-evaporation of sil-
ver (Ag) and magnesium (Mg). The thickness thereof was 10
nm, and the volume ratio of Ag to Mg was adjusted to 10:1
(Ag:Mg).

Finally, the second transflective electrode layer was
formed by depositing ITO to a thickness of 50 nm. In this
manner, Light-emitting Element 2 in this example was manu-
factured.

Next, a method for manufacturing Light-emitting Element
3 in this example is described below. Description on part of
the structure of Light-emitting Element 3 which is the same as
that of Light-emitting Element 1 is not repeated.
(Light-Emitting Element 3)

First, Al—Ti and Ti were deposited consecutively over a
glass substrate by a sputtering method to form the reflection
electrode layer. The thicknesses of Al—Ti and Ti were 200
nm and 6 nm, respectively and the area of the reflection
electrode layer was 2 mmx2 mm. At least part of Ti (6 nm)
over Al—Ti is oxidized.

Next, the transparent electrode layer was formed by a sput-
tering method using a target in which silicon oxide is con-
tained in an indium oxide-tin oxide alloy (abbreviation:
ITO—Si0,; composition ratio: In,0;:Sn0,:Si0,=85:10:5
[weright %]). The thicknesses of [TO—Si0, was 70 nm, and
the area of the transparent electrode layer was 2 mmx2 mm.

Next, as pretreatment for forming the light-emitting ele-
ment, a surface of the substrate was washed with water, baked
at 200° C. for one hour, and subjected to UV ozone treatment
for 370 seconds. Then, the substrate was transferred into a
vacuum evaporation apparatus whose pressure was reduced
to about 10~ Pa, vacuum baking at 170° C. for 30 minutes
was performed in a heating chamber of the vacuum evapora-
tion apparatus, and then the substrate was cooled down for
about 30 minutes.

Then, the substrate was fixed to a substrate holder in the
vacuum evaporation apparatus such that the side where the
transparent electrode layer was provided is downward, the
pressure was reduced to about 10~* Pa, and then, Light-emit-
ting Layer A was formed over the transparent electrode layer.
Light-emitting Layer A was formed in a manner similar to
that in Light-emitting Element 1.

After formation of Light-emitting Layer A, the first trans-
flective electrode layer was formed by co-evaporation of sil-
ver (Ag) and magnesium (Mg). The thickness thereof was 10
nm, and the volume ratio of Ag to Mg was adjusted to 10:1
(=Ag:Mg).

Finally, the second transflective electrode layer was
formed by depositing ITO to a thickness of 50 nm. In this
manner, Light-emitting Element 3 in this example was manu-
factured.

Next, a method for manufacturing Light-emitting Element
4 in this example is described below.

(Light-Emitting Element 4)

The manufacturing process of Light-emitting Element 1
was performed to form the layers up to and including the
second transflective electrode layer, and then, a color filter
through which light in the wavelength range of blue can pass
was formed by a spin-coating method. In this manner, Light-
emitting Element 4 in this example was manufactured.

Next, a method for manufacturing Light-emitting Element
5 in this example is described below.

(Light-Emitting Element 5)

The manufacturing process of Light-emitting Element 2
was performed to form the layers up to and including the
second transflective electrode layer, and then, a color filter
through which light in the wavelength range of green can pass
was formed by a spin-coating method. In this manner, Light-
emitting Element 5 in this example was manufactured.
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Next, a method for manufacturing Light-emitting Element
6 in this example is described below.
(Light-Emitting Element 6)

The manufacturing process of Light-emitting Element 3

was performed to form the layers up to and including the 5

second transflective electrode layer, and then, a color filter
through which light in the wavelength range of red can pass
was formed by a spin-coating method. In this manner, Light-
emitting Element 6 in this example was manufactured.

In this example, the reflection electrode layer or both of'the 10

reflection electrode layer and the transparent electrode layer
functions as an anode, and the first transflective electrode
layer and the second transflective electrode layer function as
a cathode.

Emission spectra of Light-emitting Flements 1 to 3 are 15

shown in FIG. 7A. It is seen from FIG. 7A that the emission
spectrum of Light-emitting Element 1 has a high peak at 464
nm and a low peak at 532 nm; the emission spectrum of
Light-emitting Element 2 has a high peak at 537 nm; and the

emission spectrum of Light-emitting Element 3 has a high ,,

peak at a wavelength from 520 nm to 620 nm and a low peak
at 463 nm

In this manner, it was able to be confirmed that in Light-
emitting Elements 1 to 3, the emission intensity of a desired
spectrum can be increased by adjusting the presence and
thickness of the transparent electrode layer between the
reflection electrode layer and the light-emitting layer.

Emission spectra of Light-emitting Flements 4 to 6 are
shown in FIG. 7B. It is seen from FIG. 7B that the emission
spectrum of Light-emitting Element 4 has a high peak at 463

nm; the emission spectrum of Light-emitting Element 5 has a 3¢

high peak at 539 nm; and the emission spectrum of Light-
emitting Element 6 has a high peak at 617 nm.

In this manner, it was able to be confirmed that in Light-
emitting Elements 4 to 6, the emission intensity of a desired
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ment of the CIE chromaticity coordinates (X, y) of Light-
emitting Elements 4 to 6, Light-emitting Element 4 had (0.14,
0.12), exhibiting light of pure blue; Light-emitting Flement 5
had (0.29, 0.69), exhibiting light of pure green; and Light-
emitting Element 6 had (0.67, 0.33), exhibiting light of pure
red. Further, the NTSC ratio thereof was 86%, meaning high
color reproducibility.

In this manner, it was able to be confirmed that in this
example, the emission intensity of a desired spectrum can be
increased by adjusting the presence and thickness of the
transparent electrode layer between the reflection electrode
layer and the light-emitting layer. Further, the line width of
each of the spectra was further narrowed by using the color
filter in combination. The light intensity of a desired wave-
length region is increased in this manner, so that the color
purity of light from the light-emitting device can be
increased.

This example can be implemented in appropriate combi-
nation with any structure described in the other embodiments.

Comparative Example 1

For comparison to Light-emitting Elements 1 to 6
described in Example 1, a comparative light-emitting element
without a microcavity was manufactured and emission spec-
trum thereof were measured.

The comparative light-emitting element includes neither
the transparent electrode layer nor the first transflective elec-
trode layer between the reflection electrode layer and the
second transflective electrode layer. That is, a microcavity
effect does not occur between the reflection electrode layer
and the second transflective electrode layer. Further, no color
filter is provided on the comparative light-emitting element. A
structure of the comparative light-emitting element is shown
in Table 3.

TABLE 3
st 2nd
Reflective  Transparent Light- Transflective Transflective
Electrode Electrode  Emitting  Electrode Electrode  Color
Layer Layer Layer Layer Layer Filter
Comparative Al-TYTi No Light- No ITO No
Light- 200 nm/6 nm Emitting 110 nm

Emitting Layer B
Element

spectrum can be increased by adjusting the presence and
thickness of the transparent electrode layer between the
reflection electrode layer and the light-emitting layer. Further,
the line width of each of the spectra was further narrowed by
using the color filter in combination. According to measure-

As a light-emitting layer of the comparative light-emitting
element, Light-emitting Layer B whose structure is partly
different from that of Light-emitting Layer A of Light-emit-
ting Elements 1 to 6 described in Example 1 was used. A
structure of Light-emitting Layer B is shown in Table 4.

TABLE 4
st 2nd
Hole- 1st Hole 1st Light- Electron-  Electron-
Injection Transport Emitting Transport Transport 1st Charge
Layer Layer Layer(Blue) Layer Layer Generation Layer
Light-  PCzPA: PCzPA CzPA:1,6- CzPA BPhen Ca CuPc PCzPA:
Emitting  MoOx 25 nm mMemFLPAPrn 5nm 15 nm 1nm 2nm MoOx
Layer B (=1:0.5) (=1:0.05) (=1:0.5)
170 nm 30 nm 180 nm
—- 2nd 2nd 3rd 3rd 4th
Hole Light- Light- Electron-  Electron-
Transport Emitting Emitting Transport Transport 2nd Charge
Layer Layer(Green) Layer(Red) Layer Layer Generation Layer
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TABLE 4-continued
— BPAFLP 2mDBTPDBq: 2mDBTPDBqIl: 2mDBTP BPhen Ca CuPc PCzPA:
20 nm PCBA1BP: Ir(tppr)2dpm DBq II 15 nm 1lnm 2nm MoOx
Ir(mppm)2acac (=1:0.02) 15 nm (=1:0.5)
(=0.8:0.2:0.06) 20 nm 10 nm
20 nm

A method for manufacturing the comparative light-emit-
ting element is described hereinbelow.
(Comparative Light-Emitting Element)

First, Al—Ti and Ti were deposited consecutively over a
glass substrate by a sputtering method to form the reflection
electrode layer. The thicknesses of Al—Ti and Ti were 200
nm and 6 nm, respectively and the area of the reflection
electrode layer was 2 mmx2 mm. At least part of Ti (6 nm)
over Al—Ti is oxidized.

Next, as pretreatment for forming the light-emitting ele-
ment, a surface of the substrate was washed with water, baked
at 200° C. for one hour, and subjected to UV ozone treatment
for 370 seconds. Then, the substrate was transferred into a
vacuum evaporation apparatus whose pressure was reduced
to about 10~* Pa, vacuum baking at 170° C. for 30 minutes
was performed in a heating chamber of the vacuum evapora-
tion apparatus, and then the substrate was cooled down for
about 30 minutes.

Then, the substrate was fixed to a substrate holder in the
vacuum evaporation apparatus such that the side where the
reflection electrode layer was provided is downward, the
pressure was reduced to about 10~* Pa, and then, Light-emit-
ting Layer B was formed over the reflection electrode layer.

In Light-emitting Layer B, first, 9-[4-(9-phenylcarbazol-3-
yD)|phenyl-10-phenylanthracene  (abbreviation: PCzPA;
chemical formula: (100)) and molybdenum oxide were
deposited by a co-evaporation method to form a hole-injec-
tion layer. The thickness thereof was 170 nm, and the weight
ratio of PCzPA to molybdenum oxide was adjusted to 1:0.5
(=PCzPA:molybdenum oxide). The co-evaporation method
refers to an evaporation method in which deposition is carried
out from a plurality of evaporation sources at the same time in
one treatment chamber.

[Chemical Formula 8]

[PCzPA]

Next, a PCzPA film was formed to a thickness of 25 nm
over the hole-injection layer to form a first hole-transport
layer.

Then, 9-[4-(N-carbazolyl)|phenyl-10-phenylanthracene
(abbreviation: CzPA; chemical formula: (101)) and N,N'-bis
(3-methylphenyl)-N,N'-bis[3-(9-phenyl-9H-fluoren-9-yl)
phenyl]-pyrene-1,6-di amine (abbreviation: 1,6mMemFL.-
PAPrn; chemical formula: (102)) were deposited by a
co-evaporation method over the first hole-transport layer, so
that a first light-emitting layer was formed. The thickness of
the first light-emitting layer was 30 nm. The weight ratio of
CzPA to 1,6mMemFLPAPrn was adjusted to 1:0.05 (=CzPA:
1,6mMemFLPAPm).

10
[Chemical Formula 9]
(101)
15 O Q
20 Q O
[CzPA]
25
(102)
30 &
N O QQ
35
N
O OO 1
40 O. Q CH3
45 [1,6-mMemFLPAPrn]

Next, a CzPA film was formed to a thickness of 5 nm over
the first light-emitting layer to form a first electron-transport
layer. Then, bathophenanthroline (abbreviation: BPhen;
chemical formula: (103)) was deposited over the first elec-
tron-transport layer to a thickness of 15 nm to form a second
electron-transport layer.

50

[Chemical Formula 10]

(103)
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Next, a first charge generation layer was formed over the
second electron-transport layer. As the first charge generation
layer, over the second electron-transport layer, Ca, copper(Il)
phthalocyanine (abbreviation: CuPc; chemical formula:
(104)), and a co-evaporated film of PCzPA and molybdenum
oxide (1:0.5=PCzPA:molybdenum oxide in weight ratio)
were sequentially deposited to thicknesses of 1 nm, 2 nm, and
180 nm, respectively.

[Chemical Formula 11]

(104)

/

TN

Cu—N

2

N,
y

i f
)

N

[CuPC]

Next, over the first charge generation layer, 4-phenyl-4'-
(9-phenylfiuoren-9-yl)triphenylamine (abbreviation:
BPAFLP; chemical formula: (105)) was deposited to a thick-
ness of 20 nm as a second hole-transport layer.

[Chemical Formula 12]

(105)

0
.

O

[BPAFLP]

9ye

After that, a second light-emitting layer was formed over
the second hole-transport layer. The second light-emitting
layer was formed by co-evaporation of 2-[3-(diben-
zothiophen-4-yl)phenyl|dibenzo[f,h]quinoxaline (abbrevia-
tion: 2mDBTPDBQg-II; chemical formula: (106)), 4-phenyl-
4'-(9-phenyl-9H-carbazol-3-yl)triphenylamine
(abbreviation: PCBA1BP; chemical formula: (107)), and
(acetylacetonato)bis(6-methyl-4-phenylpyrimidinato)iri-
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dium(IIl) (abbreviation: [Ir(mppm),(acac)]; chemical for-
mula: (108)). The weight ratio of 2mDBTPDBg-II to
PCBAI1BP to [Ir(mppm),(acac)] was adjusted to 0.8:0.2:0.06
(=2mDBTPDBq-II:PCBA1BP:[Ir(mppm),(acac)]). In addi-
tion, the thickness of the second light-emitting layer was 20
nm.

[Chemical Formula 13]

(3
9

[2mDBTPDBq-IT]

(106)

N\

x

107)

[PCBAILBP]
(108)

CH;

O

3

Z N o

[ J CH;
HiC N
2
[Ir(mppm)2(acac)]

Next, a third light-emitting layer was formed over the
second light-emitting layer. The third light-emitting layer was
formed by co-evaporation of 2mDBTPDBq-II and bis(2,3,5-
triphenylpyrazinato)(dipivaloylmethanato)iridium(III), (ab-
brebiation: Ir(tppr),(dpm); chemical formula: (109)). The
thickness of the third light-emitting layer was 20 nm. The
weight ratio of 2mDBTPDBg-II to Ir(tppr),(dpm) was
adjusted to 1:0.02 (=2mDBTPDBq-11:Ir(tppr),(dpm)).
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[Chemical Formula 14]
(109)
H;C /CH3
C—CH;
/ ?
Ir )
2Ny \O
X | /C\—CH3
N H;C CHj
2
[x(tppr)2(dpm)]

Then, 2mDBTPDBg-1I was deposited to a thickness of 15
nm as a third electron-transport layer over the third light-
emitting layer.

Then, BPhen (abbrebiation) was deposited to a thickness of
15 nm as a fourth electron-transport layer over the third
electron-transport layer.

Next, a second charge generation layer was formed over
the fourth electron-transport layer. As the second charge gen-
eration layer, over the fourth electron-transport layer, Ca,
CuPc, and a co-evaporated film of PCzPA and molybdenum
oxide (1:0.5=PCzPA:molybdenum oxide in weight ratio)
were sequentially deposited to thicknesses of 1 nm, 2 nm, and
10 nm, respectively.

Finally, the second transflective electrode layer was
formed by depositing ITO to a thickness of 110 nm. In this
manner, the comparative light-emitting element was manu-
factured.

In the comparative light-emitting element, the reflection
electrode layer functions as an anode, and the second trans-
flective electrode layer functions as a cathode.

Emission spectrum of the comparative light-emitting ele-
ment is shown in FIG. 8. It is seen from FIG. 8 that the
emission spectrum of the comparative light-emitting element
has high peaks at 470 nm and 571 nm. Consequently, it is
found that the comparative light-emitting element has emis-
sion intensities over a wide range of wavelength from 430 nm
to 680 nm, whose peaks are broad as a whole.

In this manner, it was able to be confirmed that in Light-
emitting Flements 1 to 6 each of which is one embodiment of
the present invention, the emission intensity of a desired
spectrum can be increased by adjusting the presence and
thickness of the transparent electrode layer between the
reflection electrode layer and the light-emitting layer, as com-
pared to the comparative light-emitting element.

This application is based on the Japanese Patent Applica-
tion serial No. 2011-027967 filed with Japan Patent Office on
Feb. 11, 2011, the entire contents of which are hereby incor-
porated by reference.

What is claimed is:

1. A light-emitting device comprising:

a first pixel comprising a first transistor and a first light-
emitting element;

a second pixel comprising a second transistor and a second
light-emitting element;

athird pixel comprising a third transistor and a third light-
emitting element; and
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a fourth pixel comprising a fourth transistor and a fourth
light-emitting element,
wherein the first light-emitting element comprises:
a first reflection layer over the first transistor;
a light-emitting layer over and in contact with the first
reflection layer, the light-emitting layer comprising:
a charge generation layer; and
a hole-injection layer comprising a first organic com-
pound and a second metal oxide; and
a transflective layer over the light-emitting layer,
wherein the second light-emitting element comprises:
a second reflection layer over the second transistor;
a first transparent layer over the second reflection layer;
the light-emitting layer over the first transparent layer;
and
the transflective layer over the light-emitting layer,
wherein the third light-emitting element comprises:
a third reflection layer over the third transistor;
a second transparent layer over the third reflection layer;
the light-emitting layer over the second transparent
layer; and
the transflective layer over the light-emitting layer,
wherein the fourth light-emitting element comprises:
a fourth reflection layer over the fourth transistor;
a third transparent layer over the fourth reflection layer;
the light-emitting layer over the third transparent layer;
and
the transflective layer over the light-emitting layer,
wherein light emitted from the first light-emitting element
is blue light,
wherein light emitted from the second light-emitting ele-
ment is green light,
wherein light emitted from the third light-emitting element
is red light,
wherein light emitted from the fourth light-emitting ele-
ment is yellow light,
wherein the third transparent layer is thicker than the first
transparent layer and thinner than the second transparent
layer, and
wherein respective thicknesses of the first to third transpar-
ent layers are different from each other.
2. The light-emitting device according to claim 1,
wherein the light-emitting layer includes at least one of an
electron-injection layer, and a plurality of hole-transport
layers and electron-transport layers, and
wherein the charge generation layer comprises a second
organic compound and a second metal oxide.
3. The light-emitting device according to claim 1,
wherein the hole-injection layer includes molybdenum
oxide.
4. The light-emitting device according to claim 1,
wherein the transflective layer includes at least one of
indium oxide, silver, and magnesium.
5. The light-emitting device according to claim 1,
wherein the first reflection layer is electrically connected to
the first transistor,
wherein the second reflection layer is electrically con-
nected to the second transistor, and
wherein the third reflection layer is electrically connected
to the third transistor.
6. The light-emitting device according to claim 1, further
comprising:
a first color filter over the first light-emitting element;
a second color filter over the second light-emitting ele-
ment;
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athird color filter over the third light-emitting element; and

a fourth color filter over the fourth light-emitting element,

wherein respective colors of the first to fourth color filters

are different from each other.

7. The light-emitting device according to claim 6, further
comprising a liquid crystal panel comprising a first substrate,
a first electrode, a liquid crystal layer, a second electrode, and
a second substrate,

wherein the liquid crystal panel is provided over the first to

fourth color filters, and

wherein the light-emitting device enables 3D display.

8. The light-emitting device according to claim 7, further
comprising a polarizer interposed between the liquid crystal
panel and the first to fourth color filters.

9. An electronic device comprising the light-emitting
device according to claim 1.

10. A light-emitting device comprising:

a first pixel comprising a first transistor and a first light-

emitting element;

a second pixel comprising a second transistor and a second

light-emitting element;

athird pixel comprising a third transistor and a third light-

emitting element; and

a fourth pixel comprising a fourth transistor and a fourth

light-emitting element,

wherein the first light-emitting element comprises:

a first reflection layer over the first transistor;
a light-emitting layer over and in contact with the first
reflection layer, the light-emitting layer comprising:
a first light-emitting layer;
a charge generation layer over the first light-emitting
layer; and
a second light-emitting layer over the charge genera-
tion layer; and
a transflective layer over the light-emitting layer,
wherein the second light-emitting element comprises:
a second reflection layer over the second transistor;
a first transparent layer over the second reflection layer;
the light-emitting layer over the first transparent layer;
and
the transflective layer over the light-emitting layer,
wherein the third light-emitting element comprises:
a third reflection layer over the third transistor;
a second transparent layer over the third reflection layer;
the light-emitting layer over the second transparent
layer; and
the transflective layer over the light-emitting layer,
wherein the fourth light-emitting element comprises:
a fourth reflection layer over the fourth transistor;
a third transparent layer over the fourth reflection layer;
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the light-emitting layer over the third transparent layer;
and
the transflective layer over the light-emitting layer,
wherein light emitted from the first light-emitting element
is blue light,

wherein light emitted from the second light-emitting ele-

ment is green light,

wherein light emitted from the third light-emitting element

is red light,

wherein light emitted from the fourth light-emitting ele-

ment is yellow light,

wherein the third transparent layer is thicker than the first

transparent layer and thinner than the second transparent
layer, and

wherein respective thicknesses of the first to third transpar-

ent layers are different from each other.

11. The light-emitting device according to claim 10,

wherein the charge generation layer comprises an organic

compound and a metal oxide.

12. The light-emitting device according to claim 10,

wherein the charge generation layer comprises molybde-

num oxide.

13. The light-emitting device according to claim 10,

wherein the transflective layer includes at least one of

indium oxide, silver, and magnesium.

14. The light-emitting device according to claim 10,

wherein the first reflection layer is electrically connected to

the first transistor,

wherein the second reflection layer is electrically con-

nected to the second transistor, and

wherein the third reflection layer is electrically connected

to the third transistor.

15. The light-emitting device according to claim 10, further
comprising:

a first color filter over the first light-emitting element;

a second color filter over the second light-emitting ele-

ment;

athird color filter over the third light-emitting element; and

a fourth color filter over the fourth light-emitting element,

wherein respective colors of the first to fourth color filters

are different from each other.

16. The light-emitting device according to claim 10, further
comprising a liquid crystal panel comprising a first substrate,
a first electrode, a liquid crystal layer, a second electrode, and
a second substrate,

wherein the liquid crystal panel is provided over the first to

fourth color filters, and

wherein the light-emitting device enables 3D display.

17. The light-emitting device according to claim 16, further
comprising a polarizer interposed between the liquid crystal
panel and the first to fourth color filters.

18. An electronic device comprising the light-emitting
device according to claim 10.

#* #* #* #* #*



